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PARKIN INTERACTING POLYPEPTIDES AND METHODS OF USE 

This application claims the benefit of priority 
of United States Provisional application serial No. 
5' 60/448,252, filed February 18, 2003, the entire contents 
of which is incorporated herein by reference. 

This invention was made with government support 
under grant number NS33124 awarded by the National 
10 Institutes of Health. The government has certain rights 
in the invention. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the 
field of molecular biology, cell biology and medicine and 
15 more specifically to Parkinson's disease. 

Parkinson's disease (PD) is a major 
neurodegenerative disease characterized by muscle 
rigidity, tremor, and bradykinesia (Dunnett and 
Bjorklund, Nature 399:A32-A39 (1999)). Other symptoms 

20 such as postural deficits, gait impairment, and dementia 
are also observed in a subpopulation of PD patients. 
Although the majority of idiopathic PD cases are sporadic 
and probably influenced by environmental factors, 
familial aggregation of cases and rare mendelian 

25 inheritance of PD traits evince the importance of 
genetics . 
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Parkinsonism is a clinical syndrome dominated 
by four cardinal signs: tremor at rest, bradykinesia, a 
decrease in spontaneity and movement, rigidity, and 
postural instability. Less prominent manifestations 
5 concern the mood and intellect, autonomic function and 
the sensory system. The average age at onset is 55 
years, with about 1% of persons 60 years of age or older 
having the disease. Men are affected more frequently 
than women. 

10 Resting tremor and bradykinesia are the most 

typical parkinsonian signs and are virtually synonymous 
with the diagnosis. Bradykinesia accounts for most of 
the associated parkinsonian symptoms and signs: general 
slowing down of movements and of activities of daily 

15 living; lack of facial expression (hypomimia or masked 

facies) ; staring expression due to decreased frequency of 
blinking; impaired swallowing, which causes drooling; 
hypokinetic and hypophonic dysarthria; monotonous speech; 
small handwriting (micrographia) ; difficulties with 

20 repetitive and simultaneous movements; difficulty in 
arising from chair and turning over in bed; shuffling 
gait with short steps; decreased arm swing and other 
automatic movements; and start hesitation and freezing. 
Freezing, manifested by sudden and often unpredictable 

25 inability to move, is one of the most disabling of all 
parkinsonian symptoms . 

As the population ages and the number of people 
over 60 increases, it is likely that a growing number of 
individuals will develop Parkinson's disease. Although 



treatments are available for treating Parkinson' s 
disease, many of these treatments use drugs having 
undesirable side effects. Given the debilitating 
symptoms associated with Parkinson's disease, it is 
important to understand the cause (s) of Parkinson's 
disease so that additional modes of treatment can be 
developed. 

Thus, there exists a need to identify and 
characterize genes and gene products associated with the 
development of Parkinson's disease. The present 
invention satisfies this need and provides related 
advantages as well , 

SUMMARY OF THE INVENTION 

The invention provides parkin binding 
polypeptides and encoding nucleic acids. The invention 
also provides antibodies specific for the parkin binding 
polypeptides. The invention additionally provides 
methods of detecting a parkin binding polypeptide and 
detecting a nucleic acid encoding a parkin binding 
polypeptide. The invention further provides methods of 
using a parkin binding polypeptide. In one embodiment, 
the invention provides a method of identifying a 
candidate drug for treating Parkinson's disease by 
contacting a parkin binding polypeptide with one or more 
compounds and identifying a compound that alters the 
activity of the parkin binding polypeptide. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure lA shows a yeast two-hybrid filter 
assay. Yeast cells transformed with pGADlO-hystllAB and 

5 pGBT9-parkin produced a positive reaction with P- 
galactosidase substrate. Figure IB shows a 
representative yeast two-hybrid liquid assay. Yeast were 
transformed with pGADlO -hsyt llAB and pGBT9 -parkin 
plasmids ("1" in Figure IB) or with pGADlO-hsytllAB and 
10 the pGBT9 vector control ("2" in Figure IB) . 

Figure 2A shows the specificity of antibodies 
to synaptotagmins 1 and 11. Western blots of protein 
extracts from HEK2 93 cells transfected with green 
15 fluorescent protein (GFP) and GFP-sytl, 4, and 11 

• plasmids were detected with antibodies to GFP, sytl, and 
^ sytll. The lane marked "nt" were loaded with non- 
transfected cells... Figure 2B shows western blots of 
protein extract from PC12 cells detected with rabbit 

20 anti-sytXIA antibody. Lane 1, incubation with 1 |xg/ml of 
anti-sytXIA antibody; lane 2, incubation with anti-sytXIA 
antibody preincubated with sytXIA peptide; lane 3, 
incubation with anti-syXIA antibody preincubated with 
sytXIB peptide. The anti-sytXIA antibody detects a 

25 single band at 64 kDa. This band was preabsorbed out 

with preincubation with the sytXIA peptide but not with 
sytXIB peptide. Figure 2C shows in vitro interaction of 
GFP-sytl and syt 11 with hemaglutinin-parkin (HA-parkin) . 
Protein extracts from HEK293 cells overexpressing HA- 

3 0 parkin and the corresponding GFP fusion proteins were 

coimmunoprecipitated with a mouse ant i -GFP antibody. The 
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immunoprecipitation products were detected with rat anti- 
HA-peroxidase (top panel) and a rabbit anti-GFP antibody 
(bottom panel) . Figure 2D shows in vivo interaction of 
endogenous parkin with symatotagmin 1 in PC12 ceils. Co- 

5 ip of protein extracts from PC12 cells with 5 ^il (lane 1) 

and 1 |il (lane 2) mouse anti-sytl, and 1 )il mouse IgG 
(lane 3) . Co- IP products were detected with rabbit anti- 
parkin and mouse anti-sytl antibodies simultaneously. 
Lane 4 shows a blot of the PC12 protein lysate. Figure 

10 2E shows CO- immunoprecipitation of endogenous parkin and 
sytXIA. Protein extracts from a human cerebral cortex 
were coimmunoprecipitated with rabbit anti-parkA antibody 
(lane 1), or rabbit IgG (lane 2) as a control. The 
precipitates were detected with anti-parkA (top panel) or 

15 anti-sytXIA antibody (bottom panel) . The anti-parkA 

antibody co-immunoprecipitated sytXI but the rabbit IgG 
control did not. To do the reverse co-ip, protein 
extracts were co-ip with rabbit anti^sytXI antiserum 
(lane 3) or the corresponding preserum at identical 

20 dilutions (lane 4) . The western blot was detected with 
the chicken anti-parkA (lanes 3 and 4) , which detected 
the endogenous parkin band in the anti-sytXI antiserum 
(lane 3) , but not in the preserum control (lane 4) . 

25 Figures 3A-C show the mapping of the sytXI 

binding site maps to a domain of parkin. Figure 3A shows 
a map of parkin. Full-length and truncated parkins were 
constructed by PGR and cloned in- frame with a HA-epitope 
tag; C289G and C418R denote parkins containing missense 

30 mutation at amino acid positions 289 and 418, 

respectively. Figure 3B shows that the sytXI binding 
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site maps to the RINGl motif of the parkin. Truncated 
parkins missing amino acid residues 204-293, which 
encompass the RINGl finger motif, fail to bind to sytXI . 
The C289G missense mutated parkin interacts weakly with 
5 sytXI compared to the C418R mutant. Figure 3C shows 

expression of HA-tagged parkins in HEK293 cells. Western 
blot of HEK293 cells overexpressing the full-length wild- 
type, missense mutated, or various truncated parkins was 
detected with anti-HA-peroxidase . 

10 

I- 

Figures 4A-C show ubiquitination assays of 
sytXI . HEK293 cells overexpressing HA-parkins or 

* . * ■ 

controls with the corresponding myc-ubiquitin and GFP- 
tagged proteins were treated with lactacystin for 4 h, 
15 and protein extracts were immunoprecipitated with anti- 
GFP antibody. IP. products of the ubiquitination assays 
were detected with an antibody to the myc tag {Figure 4A) 
and anti -GFP antibody (Figure 4B) . Note the lack of 
ubiquitinated products in cells expressing HA-parkin and 

2 0 GFP, and the undetectable level of ubiquitination of GFP- 

sytXI in other controls. Cells expressing parkin mutants 
and GFP-sytXI produce a lower amount of ubiqui tin- 
conjugated sytXI compared with the wild- type parkin. The 
anti-GFP antibody detects near equal amounts of GFP-sytXI 
25 monomer in all samples containing GFP-sytXI and a large 
GFP-sytXI band near the well containing the sample co- 
expressed with both GFP-sytXI and HA-parkin. Figure 4C 
shows a western blot of the same lysate with anti -HA 
antibody, indicating that the truncated and mutated 

3 0 parkins are expressed at higher levels than wild- type 

parkin. Figure 4D shows immunoprecipitation with anti- 



GFP antibody of protein extracts of HEK2 93 cells 
overexpressing HA-parkins and the corresponding myc- 
ubiquitin and GFP-tagged sytl proteins. The cells were 
treated with lactacystin, an inhibitor of the proteosome 
complex, for 4 hours. Immunoprecipitation products of 
the ubiquitination assays were detected with antibodies 
to myc- (top panel) , GFP- (middle panel) , and HA- tags 
(bottom panel) . Figure 4E is similar to Figure 4D exept 
that GFP-sytll was used. Western blots were detected 
with anti-myc (top panel) and anti-GFP (bottom panel) 
antibodies. Figure 4F shows co-ip and western blots with 
mutated parkins, C289G and G418R. 

Figures 5A and B show that parkin accelerates 
the turnover of GFP-sytXI . Pulse-chase analysis of the 
degradation of GFP-sytXI in. HEK293 cells expressing 
either HA-vector or HA-parkin at 0, 1.5, 3, 6 and 24 h 
was performed, and GFP-sytXI was immunoprecipitated with 
anti-GFP antibody. The immunoprecipitates were analyzed 
by gel electrophoresis (Figure 5A) and quantified (Figure 
5B) . Data are from one of two independent experiments. 
The second experiment had an even stronger parkin effect. 

Figures 6A-R show subcellular distribution of 
endogenous synaptotagmins I and XI in nontransf ected PC12 
cells and human substantia nigra neurons. Figures 6A-C 
and P-R show immmunof luorescence of PC12 cells induced 
with 50 ng/ml NGF for 7 days. The cells were 
immunof luroscently co- labeled with antibodies to rabbit 
parkin (stained red. Figure 6P) and mouse sytl (staine 
green. Figure 6Q) , or chicken parkin (stained green. 
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Figure 6A) and rabbit-sytll (stained red. Figure 6B) . 
Images were acquired by Leica TCSSP microscopy using a 
lOOx oil immersion lens. Stacked images were merged 
(Figures 6C and R) . Yellow indicates colocalization of 
5 two proteins. Inserts in Figures 6 A-C and P-R are from 
the cell body of the same cell from which the long 
neurite arises (shown at lower maginif ication) . Parkin 
and syt colocalize in the perinuclear area and boutons 
(arrows) along the neurite. Figure 6 D-L shows 

10 distribution of synaptotagmin XI and parkin in a normal 
human substantia nigra section. Human substantia nigra 
sections were labeled with the rabbit anti-sytXIA 
antibody (D, G, J) , anti-sytXIA antibody preabsorbed with 
100 sytXIA peptide (E, H, K) , or rabbit anti-parkA 

15 antibody (F, I, L). Images show the cell bodies and 

neurites of dopaminergic neurons in the substantia nigra. 
Figures 6M-0 show adjacent PD brain sections labeled with 
rabbit anti-ubiquitin (M) , anti-sytXIA (N) , and anti- 
sytXIA Ip sytXIA peptide (0) ; black arrows point to Lewy 

20 bodies. Note the absence of Lewy body labeling by 

preabsorbed sytXIA antibody. Images were acquired using 
a 2 OX lens (Figures 6D-F) , and 63X oil immersion lens 
(Figures 6G~0) . 

25 Figures 7A-0 shows immunofluorescence of HEK2 93 

cells, which were co-transf ected with GFP-sytl and HA- 
parkin (Figures 7A-C) , GFP-sytl and HA-vector (Figures 
7D-F) , GFP-sytll and HA-parkin (Figures 7G-I) , GFP-sytll 
and HA-vector (Figures 7J-L) , or GFP- vector and HA- 

30 parkin (Figures 7M-0) . Transfected cells were labeled 



with ant i -HA, and images were acquired by the Leica TCSSP 
using the lOOx oil immersion lens. 

Figure 8 shows the nucleotide (SEQ ID N0:1) and 
amino acid (SEQ ID NO: 2) sequences of a parkin binding 
polypeptide, human synapsin-like protein (SLP) , also 
referred to herein as MP23. The SLP cDNA coding region 
is nucleotide 272 to- 955 (SEQ ID N0:3). Figure 8B shows 
a partial cDNA sequence (SEQ ID NO: 4) of SLP (MP23a) . 
Lower case letters are the pGADlO vector. The first 
nucleotide of the SLP sequence corresponds to nucleotide 
535 of the nucleotide sequence shown In Figure BA, 

Figure 9A shows a yeast two-hybrid filter 

binding assay with detection of p^galactosidase . Figure 
9B shows a yeast two-hybrid liquid assay with detection 

of (3-galactosidase . Figure 9C shows co- 
immunoprecipitation of MP36a and MP23a GFP fusions with 
HA-parkin. Immunoprecipitation was performed with HA- 
agarose matrix. MP36a and MP23a GFP fusions were 
detected with GFP antibody (upper panel) , and parkin was 
detected with ParkA antibody (lower panel) . Figure 9D 
shows CO- immunoprecipitation of endogenous parkin with 
SLP in PC12 cells. Protein extracts were 
immunoprecipitated with rabbit anti-parkA or rabbit IgG 
control. IP products were immunoblotted with chick anti- 
parkin antibody (left) , or rabbit anti-SLP (right) . The 
anti-parkA antibody detected a 50 kDa parkin band in the 
anti-parkA co-ip. This band was absent in the chick IgG 
ip sample. The anti-SLP antibody detected a band at the 
predicted size of 36 kDa in the anti-parkA 
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immunoprecipitated and the PC12 protein extract, but not 
in the sample precipitated with rabbit IgG, indicating 
that endogenous parkin co-precipitated native SLP. 

Figures lOA-D show expression of SLP and 
ubiquitin in human substantia nigra. Substantia nigra 
compacta sections were immunohistochemically stained with 
10 yg/ml of affinity purified anti-SLP (Figures lOA and 
C) , anti-SLP + SLP peptide (Figure lOB) , anti-ubiquitin 
(Figure lOD) antibodies. The primary, antibodies were 
detected using the Vector Elite Vectastain Rabbit ABC 
kit, and visualized with DAB, All sections were 
processed and stained identically. Both anti-SLP and 
anti-sytXI antibodies strongly labeled the neiirites of 
neurons in the substantia nigra compacta. The anti-SLP 
antibody preabsorbed with the SLP peptide failed to 
react, indicating the specificity of the 
immunohistochemical labeling. The dark brown staining 
seen in the cell bodies is neuromelanin found in . 
dopaminergic neurons. Figures IOC and D show the labeling 
of LBs with anti-SLP (Figure IOC) and anti-ubiquitin 
(Figure lOD) antibodies. 

Figures llA-C show immunofluorescence of cells 
showing the location of parkin and SLP. Cells were co- 
stained with parkin antibody (stained green, Figure llA) 
and SLP (stained red, Figure IIB) . The overlay image is 
shown in Figure IIC, with yellow indicating co- 
localization of parkin and SLP. Figures IID and HE show 
staining of the substantia nigra and cerebral cortex, 
respectively. 
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Figures 12A and 12B show the nucleotide (SEQ ID 
NO: 5) and amino acid (SEQ ID NO: 6) sequences, 
respectively, of human synaptotagmin I (sytl) cDNA 
5 (GenBank accession number BC058917) . Figures 12C and 12D 
show the nucleotide (SEQ ID NO: 7). and amino acid (SEQ ID 
NO: 8) sequences, respectively, of human synaptotagmin XI 
(sytll) cDNA (GenBank accession number BC039205) . 

w 

< 

10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides parkin binding 
polypeptides (PBPs) . The present invention additionally 
provides methods using parkin binding polypeptides. 

15 In Parkinson's disease (PD) , the level of 

dopamine is decreased in the. striatum, but most severely 
in the putamen. This is largely a result of degeneration 
of dopamine -producing neurons in the substantia nigra 
pars compacta (Yamada et al . , Brain Res. 526:303-307 

20 (1990); Damier et al . , Brain 122:1437-1448 (1999); and 
Naoi et al . , Mech. Ageing Dev. 111:175-188 (1999)). 
Three genes have been associated with autosomal dominant 
PD, NR4A2 (Le et al . , Nat . Genet . 33:85-89 (2003), a- 
synuclein (Polymeropoulos et al . , Science 276:2045-2047 

25 (1997), and uhiquitin C-terminal hydroxylase LI (UCHLl) 
(Wintermeyer et al . , Neuroreport 11:2079-2082 (2000). 
The two genes that have been associated with autosomal 
recessive PD are parkin (Kitada et al . , Nature 392:605- 
608 (1998) and DJ-1 (Bonifati et al . , Science 299:256-259 

30 (2 0 03) . Inactivating mutations of the parkin gene cause 



PARK2 autosomal recessive juvenile parkinsonism (AR-JP) . 
Similar to other PD forms, PARK2 is characterized by loss 
of dopaminergic neurons in the substantia nigra . 
However, PARK2 is unique in that Lewy bodies in 
substantia nigra neurons are absent in most cases of AR- 
JP (Ishikawa and Tsuji, Neurology 47:160-166 (1996); 
Ishikawa and Takahashi, J. Neurol. 245:4-9 (1998); and 
Matsumine, J. Neurol. 245:10-14 (1998)). Mutations in 
the parkin gene cause a from of AR-JP but are also found 
in older PD patients, demonstrating that parkin mutations 
are not limited to juvenile onset (Abbas et al . , Hum. 
Mol. Genet. 8:567-574 (1999) > . 

Inactivating mutations of the gene encoding parkin 
are responsible for some forms autospomal recessive 
juvenile Parkinson disease. Parkin is a ubiquitin ligase 
that ubiquitinates misfolded proteins targeted for the 
proteasome- dependent protein, degradation pathway. Clues 
to the function of parkin are suggested by the primary 
structure of parkin and the localization of the. mutation 
sites in the parkin gene. Parkin is composed of a 
ubiquitin- like domain in the N- terminal domain and two 
RING finger motifs toward the C-terminal domain (Kitada 
et al . , supra, 1998, and Shimura et al . , Nat . Genet . 
25:302-305 (2000)), Several inactivating mutations are 
found in the RING finger domains and suggest that these 
domains are functionally important (Shimura et al . , Ann. 
Neurol . 45:668-672 (1999)). To date, only one missense 
(Arg42Pro) and three frameshift mutations have been found 
in the ubiquitin- like domain. The arginine at position 
42 is appears to function in the binding of target 
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proteins. Shimura et al., supra^ 2000, demonstrated that 
the ubiquitin-conjugating H7 protein binds to the RING 
finger domain and that the RING domains of parkin are 
required for ubiquitination in human dopaminergic SH-Sy5Y 
5 neuroblastoma cells. These observations suggest 

different roles for the ubiquitin-like and RING finger 
domains. . The ubiquitin-like domain was found to be 
important for the stability of parkin (Finney et al., J. 
Biol. Chem. 278:16054-16058 (2003) and probably for 

10 targeting the ubiquitinated substrates to the proteasome. 
The RING fingers, on the other hand, bind to substrates 
and other ubiquitin components, such as UbcH7 (E2), 
required for the ubiquitin-ligase activity. This 
observation was confirmed (Zhang et al., Proc' Natl. Acad 

15 Sci. USA 97:13354-13359 (2000)), and it was further found 
that parkin bound to CDCrel-1, a member of a synaptic 
vesicle associated protein family named septin, and that 
parkin stimulated the ubiquitylation and turnover of this 
protein. Together, these data led to the suggestion that 

20 parkin functions as an E3 ubiquitin ligase. 

The E3 ubiquitin ligases, together with the 
activating El and often with the conjugating E2 enzymes, 
catalyze the conjugation of ubiquitin chains to 
cytoplasmic proteins targeted for degradation in the 26S 

25 proteasome complex to regulate important cellular 
processes such as cell cycle, cell death, and cell 
differentiation. The ubiquitinated substrate can be 
degradated either through the proteasome-dependent 
pathway (Joazeiro and Weissman, Cell 102:549-552 (2000)), 

30 if the substrate is polyubiquitinated (contains chains of 



more than 5 ubiquitin units) , or through the lysosomal 
degradation pathway, if the protein is monoubiquitinated 
(contains less 5 chains of short ubiquitins) . 
Monoubiquitination can cause certain cell surface 
receptors, for example, EGF receptor, to internalize 
(endocytose) or can function as a protein sorting signal 
in the endosomal pathway (Helliwell et al . , J, Cell. 
Biol. 153:649-662 (2001); Hicke, Cell 106:527-530 (2001); 
and Hicke, Nat. Rev. Mol , Cell. Biol. 2:195-201 (2001)) 
and direct these monoubiquitinated proteins to the. 
lysosome. Parkin has been found to interact with several 
proteins, which include the Pael-1 receptor (Imai et al . , 
Cell 105:891-902 (2001)); CDCrel-1 (Zhang et al . , Proc. 
Natl. Acad. Sci. USA 97:13354-13359 (2000)); glycosylated 
a-synuclein (Shimura et al . , Science 293:263-269 (2001)); 
synphilin-1 (Chung et al . , Nat. Med. 7:1144-1150 (2001)); 
CHIP (Imai et al . , Mol. Cell. 10:55-67 (2002)); cyclin E" 
(Starpoli et al . , Neuron 37:735-749 (2003)); HSP70 (Tsai 

et al., J. Biol. Chem. 278:22044-22055 (2003)); a/P- 
tubulin (Ren et al . , J. Neurosci. 23:3316-3324 (2003)); 
and the p38 subunit of the aminoacyl t-RNA synthetase 
complex (Corti et al . , Hum. Mol. Genet. 12:1427-1437 
(2003)). Parkin-mediated ubiquitination led to the 
degradation of these proteins by the proteasome system . 
Absence of parkin-mediated degradation of the Pael-1 
receptor resulted in the accumulation of the Pael 
receptor, causing cell death (Imai et al . , supra, 2001). 

As disclosed herein, the yeast two-hybrid 
system was used to identify parkin interacting 
polypeptides. In particular, it was found that parkin 



interacts with synaptotagmins 1 and 11 (see Examples I- 
VI) and SLP (Example VII) . Interaction with parkin 
causes the ubiquitination of synaptotagmins, and alters 
subcellular localization of synaptotagmins. The yeast 
two-hybrid system and co-immunoprecipitation methods were 
used to identify that parkin interacts with members of 
the synaptotagmin family through their C2A and C2B 
domains. Parkin polyubiquitinates and degrades 
synaptotagmin 1 and 11. Coexpression of parkin and 
synaptotagmin results in a change of the normal 
synaptotagmin localization to perinuclear structures 
containing both parkin and synaptotagmin. Truncated and 
missense parkins, including parkins containing disease - 
causing amino acid substitutions, inhibited the 
interaction with synaptotagmins 1 and 11 and their 
ubiquitination. Mutant parkins failed to alter 
subcellular localization of synaptotagmins. Parkin- 
mediated ubiquitination also enhances the turnover of 
synaptotagmin 11. As synaptotagmins are well 
characterized in their importance for vesicle formation 
and docking, these results indicates a role for parkin 
and symaptotagmins in the regulation of the synaptic 
vesicle pool and in vesicle release. Thus, the 
interaction of parkin with members of the synaptotagmin 
family suggests an involvement of parkin in the 
regulation of proteins involved in controlling 
neurotransmitter trafficking at the presynaptic terminal. 
Parkin binds to C2 domains in synaptotagmin, a calcium- 
sensing domain that is found in many proteins involved in 
synaptic function. Loss of parkin can thus affect 
multiple proteins controlling vesicle pools, docking and 
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release and explain the deficits in dopaminergic function 
seen in patients with parkin mutations. 

As disclosed herein, two members of the 
synaptotagmin family that interact with parkin were 
5 identified and characterized. The results disclosed 

herein confirm that parkin bound to synaptotagmin 1 and 
11 based on the following observations. First, parkin 
co-immunoprecipitated only with GFP tagged synaptotagmin 

I or 11 but not with the GFP tag alone (Example III and 
10 Figure 2B) . Second, endogenous parkin interacts with 

endogenous sytl (Example III and Figure 2C) . Third, only 
wild type parkin and truncated parkins containing the 
RING finger motifs bound to synaptotagomin 1 and 11 
(Example IV and Figure 3C) . Fourth, truncated parkins 

15 lacking the RING finger motif arid parkins with amino acid 
substitutions failed to interact or interacted weakly 
with synaptotagmins (Example IV and Figure 3C) . Fifth, 
only wild type parkin ubiquitinated synaptotagmin leading 
to its degradation, while all truncated and mutated 

20 parkins showed reduced or absent ubiquitination of 
synaptotagmins (Example V Figures 4 and 6) . Sixth, 
endogenous parkin co- localized with synaptotagmin 1 and 

II at synaptic boutons along the neurites of NGF-induced 
PC12 cells and in a perinuclear location (Example VI and 

25 Figure 5) . Finally, coexpression of parkin and 

synaptotagmins resulted in the recruitment of parkin- 
synaptotagmin complexes to structures in a perinuclear 
distribution (Example VI and Figure 6) . 
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Parkin has been found to interact with 
synphilin-1 (Chung et al . , supra (2001)), Pael-1 receptor 
(Imai et al . , supra (2001)), CDCrel-1 (Zhang et al . , 
supra 2000)), and glycosylated synuclein (Shimura et al . , 
5 ■ Science (2 001) ) . Two of these proteins are synaptic 

vesicle associated proteins, the CDCrel-1 and synphilin-1 
(Ribeiro et al . , J. Biol. Chem. 277:23927-23933 (2002); 
Wakabayashi et al . , Acta Neuropathol .103-209-214 (2002); 
and Beites et al . , Nat. Neurosci. 2:434-439(1999)), while 

10 the Pael-1 receptor is a transmembrane protein with 

unknown function, and the glycoisylated synuclein is a 
rare protein found in Lewry bodies. .CDCrel-1 interacts 
with syntaxin, and overexpression of the wild type 
CDCrel-1 inhibits secretion in HIT-T15 cells (Ribeiro et 

15 al., supra (2002); Wakabayashi et al . , supra (2002); and 
Beites et al . , supra (1999)). Synphilin-1 interacts with 

a-synuclein and stimulates the formation of cytosolic 
Lewy bodies in PD (Engelender et al . , Nat . Genet . 22:110- 
114 (1999) ) . The presence of wild type parkin appears to 

2 0 be essential for synphilin-1 induced formation of the 
Lewry bodies. It is currently unknown how CDCrel-1 or 
synphilin-1 participate in the regulation of presynaptic 
neurotransmission, and it is also unclear whether CDCrel- 
1 or synphilin-1 is involved in regulating the 

25 presynaptic secretion of dopamine. The finding that 

parkin interacts with and ubiquitinates members of the 
synaptotagmin family further supports the hypothesis that 
parkin plays an important role in regulating synaptic 
vesicle associated proteins. 



Synaptotagmin 1 and 11 (also referred to herein 
as synaptotagmins I and XI or sytl and sytXI) belong to a 
large family of approximately 50 calcium binding proteins 
with high homology in the C2A and C2B domains (BLAST 
5 search) . These proteins include: synaptotagmins 1 to 13, 
raphilin-2a, protein kinase C, GTPase- activating protein 
(GAP), rat/yeast ubiquitin ligase Nedd4, and 
phospholipase . Together, these proteins serve a common 
function as regulators of cell signal transduction 

10 ranging from calcium sensor (syts and protein kinase C) 
to phosphorylation (GAP) and phospholipid degradation 
(phospholipase C) . Among the synaptotagmins, sytl has 
the highest homology with syt2 and is expressed 
abundantly in synaptic vesicles and secretory granules 

15 (Sudhof, J. Biol. Chem. 277:7629-7632 (2002)). Syts 1 
and 2 function as a calcium sensor in fast presynaptic 
neurotransmission (Fernandez -Chacon et al . , Nature 
410:41-49 (2001) and Geppert et al . ,.- Cell 79:717-727 
(1994)) similar to syt 3, 5-7, and 10. Synaptotagmin 11, 

/■ 

20 .in contrast, is similar to syt4 owing to a conserved 

substitution of an aspartate by a serine residue in the 
C2A domain, resulting in the deficiency of Ca*^^ binding to 
this domain (von Poser et al . , J. Biol. Chem. 272:14314- 
14319 (1997)). Although the cellular localization of 

25 syt 11 is unknown, syt 4 is localized in the Golgi 

apparatus (Fukuda et al., J . Nueurochem . 77:730-740 
(2001) and Berton et al . , Eur. J. Neurosci. 12:1294-1302 
(2000)). The functions of syts 4 and 11, 8, 9, 12, and 
13 are currently speculative, although syt4 is thought to 

3 0 function as a down regulator of the fast presynaptic 
neurotransmission (Wang et al . , Science 294:1111-1115 
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(2001)). Overall, members of the syt family have high 
homology at the C2 domains with amino acid identity 
ranging from 30% to 50%. Since parkin binds to the C2A 
and C2B domains of syt 11, it is likely that parkin 
5 interacts with other syts as well. The observation that 
parkin also interacts with and regulates syt 1, a protein 
that contains the lowest C2 domain homology (30% 
identity) with sytll, suggest that parkin may interact 
with a wide range of proteins containing domains related 
10 to C2A and C2B sequences. 



Presynaptic neurotransmission involves three 
processes: 1) docking, 2) fusion, and 3) recycling of 
synaptic vesicles. Experimental evidence has linked 
synaptotagmin 1 to all three processes. At the docking 

15 stage, synaptotagmin 1 interacts with t- SNARE proteins, 

syntaxin and SNAP25 to stimulate synaptic vesicle docking 
(Schiavo et al . , Proc. Natl. Acad. Sci . USA 94:997-1001 
(1997) and Li et al . , Nature 375:594-599 (1995)). At the 
fusion stage, syt 1 interacts with the assembled SNARE 

20 complex and phospholipids to stimulate and stabilize the 
fusion of synaptic vesicles (Leveque et al . , J. 
Neurochem. 74:367-374 (2000); Gerona et al . , J. Biol. 
Chem. 275:6328-6336 (2000); and Davis et al . , Neuron . 
24:363-376 (1999)). At the recycling stage, the 

25 interaction of syt 1 with the clathrin assembly protein 
complex AP-2 is important for synaptic vesicle recycling 
(Zhang et al . , Cell 78:7510760 (1994). In addition to 
these interactions, functional data also suggest that 
synaptotagmin 1 plays important roles in synaptic vesicle 

30 docking (Reist et al . , J. Neurosci. 18:7662-7673 (1998)), 
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fusion (Geppert et al . , supra (1994); Elferink et al . , 
Cell 72:153-159 (1993); DiAntonio et al . , Cell 73:1281- 
1290 (1993); DiAntonio et al . , Neuron. 12:909-920 (1993); 
and Bommert et al . , Nature 363:163-165 (1993)), and 
5 recycling (Jorgensen et al . , Nature 378:196-199 (1995)). 

Furthermore, studies in sytl knock-out mice 
suggest that sytl is the major Ca"^"*" sensor for rapid 
neurotransmitter exocytosis (Fernandez -Chacon et al . , 
supra (2001) ) and Ca"^"*"- sensitive large dense-core vesicle 

10 exocytosis (Voets et al . , Proc. Natl, Acad, Sci. USA 

98:11680-11685 (20010)). Overexpression of sytl extends 
the time of fusion pore opening, while overexpression of 
syt 4 shortens the fusion pore opening time (Wang et al . , 
supra (2001) ) , suggesting that synaptotagmins 1 and 4 

15 possess complementing functions. • It is unknown whether 
members of the syt family are involved in regulating 
dopamine secretion in dopaminergic neurons. It is also 
unknown whether failure of the regulated degradation of 
syts by mutated parkins results in impaired 

20 synaptogenesis (Murphey and Godenschwege , Neuron 36:5 

(2002) ) , leading to a reduction in dopamine secretion in 
dopaminergic neurons. However, the observation disclosed 
herein that wild type parkin but not mutated or truncated 
parkins interacts and regulates syts 1 and 11 iridicates 

25 that parkin is an important E3 ubiquitin ligase and 

regulates synaptic vesicle functioning at the presynaptic 
membrane . 

SytXI is found in the central core of LBs in 
substantia nigra neurons from patients with idiopathic PD 



(see Figure 6) . This distribution is also observed for 
other parkin substrates, p38 subunit of the aminoacyl 
tRNA synthetase complex and synphilin-1 (Corti et al . , 

I 
I 

Hum. Mol. Genet, 12:1427-1437 (2003 ) ; Wakabayashi et al . , 
5 Ann. Neurol, 47:521-523 (2000); Schlossmacher et al . , Am, 
I J. Pathol. 160:1655-1667 (2002)). The finding of sytXI 

in LBs suggests a potential link of abnormal processing 
of synaptotagmins in PD. Whether LBs play a role in 
, dopaminergic neuronal death in Parkinsonism is 
10 speculative. The absence of LBs in parkinassociated 

parkinsonism (Hayashi et al . , Mov. Discord, 15:884-888 
(2000); Mori et al . , Neurology 51:890-892, (1998); van de 
Warrenburg et al . , Neurology 56:555-557 (2001)) implies 
that these inclusions are not the primary cause of 
15 dopaminergic neuronal degeneration in parkin-associated 
parkinsonism. 

Parkin consists of three functional domains, 
•the ubiqui tinlike, RINGl and RING2 domains (Shimura et 
al., Nat, Genet, 25:302-305 (2000)). The RING2 domain 

20 was found to be required for binding to ubiquitin- 

conjugating enzymes (Shimura et al . , supra, 2 000; Zhang 
et al., Proc. Natl. Acad. Sci. USA 97:13354-13359 (2000); 
Imai et al . , J. Biol. Chem. 275:35661-35664 (2000)) and 
the ubiquitin-like domain is important for the stability 

25 of parkin (Finney et al . , J. Biol. Chem. 278:16054-16058 
(2003)) . However, the RING finger motifs were found 
later to be essential for parkin binding to its two 
substrates, CDCrel-1 (Zhang et al . , supra, 2000) and 
Pael-R (Imai et al . , supra, 2000). Consistent with these 

30 findings and as disclosed herein, sytXI was found to bind 



to the region between amino acid residues 204 and 2 93 
(Figure 3). This region contains the RINGl motif. 
Furthermore, a parkin peptide lacking only the ubiquit in- 
like domain (p78-465) bound more weakly to synaptotagmins 
than parkins containing the ubiquit in- like domain (Figure 
3B) . These observations suggest that the ubiquitin-like 

■i 

domain is important for" the correct folding of the full- 
length parkin to expose the 'RING finger motif for 
synaptotagmin binding. We suggest that the three parkin 
domains serve distinct functions: the ubiquitin-like 
domain is required for the correct folding and stability 
of parkin, the p204-293 domain, which* contains the RINGl 
finger motif, is essential for the interaction with the 
C2 domain containing proteins such as sytXI, whereas the 
RING2 finger motif is important for complex formation 
with the El ubiquitin-activating enzyme and the E2 
ubiquit in-conjugate proteins. 

Parkin is an E3 ubiquitin ligase (Shimura et 
al . , supra, 2000; Zhang et al . , supra, 2000) that 
catalyzes the ubiquitination of targeted proteins. 
Polyubiquitination will lead to the degradation of the 
ubiquitin-conjugated substrate by the proteasome . Wild- 
type parkin strongly catalyzes the polyubiquitination of 
sytXI compared with truncated parkins, missense mutated 
parkins, or negative controls (Figure 4) . Parkin- 
dependent ubiquitination also led to rapid turnover of 
sytXI (Figure 5) further supporting the hypothesis that 
parkin regulates the level of sytXI . Cells expressing 
truncated parkins or missense mutated parkins (C289G and 
C418R) produced the same amounts of ubiquit inylated sytXI 
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as cells expressing only GFP-sytXI (Figure 4) . These 
observations suggest that truncating or missense 
mutations of parkin reduce or eliminate the 
ubiquitination of sytXI . In PARK2.AR-JP, mutations of 
5 parkin probably cause a decrease in the ubiquitination of 
specific proteins, resulting in an increase in their 
intracellular levels of sytXI and other proteins 
regulated by parkin. The net effect of the abnormal 
increase in the intracellular levels of parkinregulated 
10 proteins probably contributes to ' the pathological 
conditions of AR-JP. 

SytXI mRNA is ' expressed* abundantly in the 
brain, but at lower levels in nonneural tissues (von 
Poser et al . , J. Biol. Chem, 272:14314-14319 (1997)). 

15 However, information on the specific subcellular 

distribution of endogenous sytXI protein is unknown. 
Exogenous sytXI in PC12 cells was mainly localized in the 
Golgi network (Fukuda and Mikoshiba, Biochem. J. 354:249- 
257 (2001)). In non-transfected NGF-induced PC12 cells, 

20 endogenous parkin and sytXI were found co-localized in a 
perinuclear distribution and in dense-core vesicles in 
the NGF-induced processes (Figure 6) . The distribution 
pattern of endogenous parkin was similar to previous 
observations (Huynh et al . , Ann . Neurol . 48:737-744 

25 (2000) ) . The distribution of sytXI was also similar to 

the subcellular distribution of sytIV, a protein with 48% 
identity to sytXI . In PC12 cells, sytIV is localized 
mainly in the Golgi and immature vesicles (Berton et al . 
Eur. J. Neurosci. 12:1294-1302 (2000); Ibata et al . , 

30 Neurochem. 74:518-526 (2000); Fukuda et al . , J. 
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Neurochem. 77:730-740 (2003); Fukuda et al . , J. Biol. 
Chem. 278:3220-3226 (2003)). When PC12 cells are treated 
with NGF, sytIV protein redistributes to the mature 
dense-core vesicles (Fukuda et al . , J. Biol. Chem. 
5 278:3220-3226 (2003)). Dense-core vesicles are secretory- 
granules that carry neuropeptides or biogenic amines, and 
release their contents under .the stimulation of calcium 
ions. Therefore, the observation that both sytXI and 
parkin co-localize in the dense-core vesicles suggests 

10 that both proteins probably play a role in the calcium- 
- dependent exocytosis. This hypothesis is further 
supported by the observation that both parkin and sytXI 
have similar distribution patterns in the neurites and 
cell bodies of neurons in the human substantia nigra 

15 (Figure 6) . 

The loss of parkin function in patients with 
AR-JP is expected to alter synaptotagmin XI function, 
resulting in altered dopamine release, which in turn 
causes the symptoms of dystonia and parkinsonism. 
20 Altered vesicle functioning, • be it at the stages of 
release or recycling, may cause an increase of 
cytoplasmic dopamine, resulting in increased oxidative 
damage and subsequently in cell death, explaining the 
neurodegeneration seen in patients with parkin mutations. 

♦ 

25 The results disclosed herein indicate that loss 

of parkin could result in altered dopamine release 
resulting in the initial symptoms of dystonia and 
parkinsonism. Altered vesicle functioning, either at the 
stages of release or recycling, could result in an 
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increase of cytoplasmic dopamine resulting in increased 
oxidative damage and subsequently in cell death. 

The invention provides exemplary parkin binding 
polypeptides, including synaptotagmins 1 and 11 and SLP. 
5 The invention also provides methods of identifying parkin 
binding polypeptides, as disclosed herein. The invention 
further provides methods of using parkin binding 
polypeptides. 

The invention provides an isolated polypeptide 
10 encoding a parkin binding polypeptide (PBP) . In a 

particular embodiment, the invention provides an isol^ated 
polypeptide having the amino acid sequence referenced as 
SEQ ID N0:2. The invention also provides a functional 
fragment of a PBP. 

15 As used herein, the term "functional fragment," 

when used in reference to a parkin binding polypeptide 
(PBP) , is intended to refer to a portion of a parkin 
binding polypeptide that retains some or all or the 
activity of a parkin binding polypeptide. An exemplary 

2 0 functional fragment of a PBP includes a parkin binding 

fragment of a PBP Another exemplary functional fragment 
of a PBP is a functional fragment that specifically binds 
to an antibody specific for the PBP. Other functional 
fragments of a PBP include peptide fragments that are 

25 epitopes that function as antigenic fragments, which can 
be used to generate an antibody specific for a particular 
PBP . 



As used herein, the term "polypeptide" when 
used in reference to a parkin binding polypeptide (PBP) 
refers to a peptide or polypeptide of ten or more amino 
acids, including up to a full length parkin binding 
polypeptide. As used herein, a ""peptide fragment" refers 
to a peptide or polypeptide of two or more amino acids. 
A "modification" of a parkin binding polypeptide can 
include a conservative substitution of the PBP amino acid 
sequence, so long as the modification retains a function 
of the PBP. Conservative substitutions of encoded amino 
acids include, for example, amino acids that belong 
within the following groups: (1) non-polar amino acids 
(Gly, Ala, Val, Leu, and lie); (2) polar neutral amino 
acids (Cys, Met, Ser, Thr, Asn, and Gin); (3) polar 
acidic amino acids (Asp and Glu) ; (4) polar basic amino 
acids (Lys, Arg and His) ; and (5) aromatic amino acids 
(Phe, Trp, Tyr, and His) . Other minor modifications are 
included within PBPs so long as the polypeptide retains 
some or all of its function as described herein. 

A modification of a polypeptide can also 
include derivatives, analogues and functional mimetics 
thereof, so long as the modif cation retains a function of 
the PBP. For example, derivatives can include chemical 
modifications of the polypeptide such as alkylation, 
acylation, carbamylation, iodination, or any modification 
that derivatizes the polypeptide. Analogues can include 
modified amino acids, for example, hydroxyproline or 
carboxyglutamate, and can include amino acids that are 
not linked by peptide bonds. Mimetics encompass 
chemicals containing chemical moieties that mimic the 
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function of the polypeptide. For example, if a 
polypeptide contains two charged chemical moieties having 
functional activity, a mimetic places two charged 
chemical moieties in a spatial orientation and 
5 constrained structure so that the charged chemical 

function is maintained in three-dimensional space. Thus, 
a mimetic, which orients functional groups that provide a 
function of a PBP, are included within the meaning of a 
derivative of a PBP. 

10 As used herein, the term "substantially" or 

"substantially the same" when used in reference to a 
nucleotide or amino acid sequence is intended to mean 
that the nucleotide or amino acid sequence shows a 
considerable degree, amount or extent of sequence 

15 identity when compared to a reference sequence. A' 
substantially the same amino acid sequence retains a 
functional and/or biological activity characteristic of 
the reference polypeptide. 

« 

As used herein, the term "nucleic acid" means a 
2 0 polynucleotide such as deoxyribonucleic acid (DNA) or 
ribonucleic acid (RNA) and encompasses both single- 
stranded and double -stranded nucleic acid as well as an 
oligonucleotide. Nucleic acids useful in the invention 
include genomic DNA, cDNA and mRNA and can represent the 
25 sense strand, the ant i- sense strand, or both. A genomic 
sequence of the invention includes regulatory regions 
such as promoters and enhancers that regulate expression 
of a PBP gene and introns that are outside of the exons 
encoding a PBP but does not include proximal genes that 
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do not encode a PBP. An exemplary PBP nucleic acid 
includes the nucleotide sequence referenced as SEQ ID 
N0S:1, 3 and 4, or fragments thereof. The term 
"isolated" used in reference to a PBP nucleic acid 
molecule is intended to mean that the molecule is 
substantially removed or separated from components with 
which it is naturally associated, or otherwise modified 
by a human hand, thereby excluding a PBP nucleic acid 
molecule as it exists in nature. 

As used herein, the term "oligonucleotide" 
refers to a nucleic acid molecule that includes at least 
15 contiguous nucleotides from a reference nucleotide 
sequence, and can include at least 16, 17, 18, 19, 2 0 or 
at least 25 contiguous nucleotides, and often includes at 
least 30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 
200, 225, 250, 275, 300, 325, up to 350 contiguous 
nucleotides from the reference nucleotide sequence. The 
reference nucleotide sequence can be the sense strand or 
the anti-sense strand. The oligonucleotide can be 
chemically synthesized or expressed recombinant ly: 

As used herein, a "modification" of a nucleic 
acid can include one or several nucleotide additions, 
deletions, or substitutions with respect to a reference 
sequence. A modification of a nucleic acid can include 
substitutions that do not change the encoded amino acid 
sequence due to the degeneracy of the genetic code. Such 
modifications can correspond to variations that are made 
deliberately, or which occur as mutations during nucleic 
acid replication. As such, a modification of a nucleic 



acid includes a substantially the same sequence, which is 
recognizable as related to a parent nucleic acid molecule 
such as the PBP nucleotide sequences disclosed herein. A 
substantially the same nucleotide sequence can hybridize 
to the reference nucleotide sequence under moderately 
stringent or higher stringency conditions. 

Exemplary modifications of the PBP nucleic acid 
sequences disclosed herein include sequences that 
correspond to homologs of other species such as human, 
primates, rat, rabbit, bovine, porcine, ovine, canine, 
feline or other animal, species.' The sequences of 
corresponding PBPs of non-human species can be determined 
by methods known in the art, such as by polymerase chain 
reaction (PGR) or by screening genomic, cDNA or • 
expression libraries. Another exemplary modification of 
PBP nucleic acid molecule can correspond to splice 
variant forms of the PBP nucleotide sequence. 
Additionally, a modification of a nucleotide sequence can 
include one or more non-native nucleotides, having, for 
example, modifications to the base, the sugar, or the 
phosphate portion, or having a modified phosphodiester 
linkage. Such modifications can be advantageous in 
increasing the stability of the nucleic acid molecule. 

Furthermore, a modification of a nucleotide 
sequence can include, for example, a detectable moiety, 
such as a radiolabel, a f luorochrome, a ferromagnetic 
substance, a luminescent tag or a detectable binding 
agent such as biotin. Such modifications can be 



30 

advantageous in applications where detection of a PBP 
nucleic acid molecule is desired. 

As used herein, a "vector" refers to a 
recombinant DNA or RNA plasmid or virus that comprises a 
5 polynucleotide. A vector can include an expression 

element operationally linked to a polynucleotide such 
that the expression element controls the expression of 
the polynucleotide. An "expression element" is a 
nucleotide sequence involved in an interaction of 

10 molecules that contributes to the functional regulation 
of a polynucleotide, including replication, 
transcription, splicing, translation, or degradation of 
the polynucleotide. An expression element that controls 
transcription of a gene can be a. promoter, the site of 

15 initiation of transcription, or an enhancer, a DNA 
sequence that increases the rate of transcription. 

As used herein, the term "sample" is intended 
to mean a biological fluid, cell, tissue, organ or 
portion thereof, that includes or potentially includes "a 

20 parkin binding protein nucleic acid or polypeptide. The 
term includes samples present in an individual as well as 
samples obtained or derived from the individual . For 
example, a sample can be a histologic section of a 
specimen obtained by biopsy, or cells that are placed in 

25 or adapted to tissue culture. A sample further can be a 
subcellular fraction or extract, or a crude or 
substantially pure nucleic acid or protein preparation. 
A sample can also be chemically synthesized, for example, 
by synthesizing degenerate oligonucleotides. 
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As used herein, the term "specifically 
hybridize" refers to the ability of a nucleic acid 
molecule to hybridize, under at least moderately 
stringent conditions or higher stringency conditions, as 
5- described herein, to a reference PBP nucleic acid 

molecule, without hybridization under the same conditions 
with nucleic acid molecules that are not the reference 
PBP nucleic acid molecule, for example, a negative 
control such as act in cDNA. 

10 The invention provides an isolated parkin 

binding polypeptide (PBP), or functional fragment 
thereof. An exemplary parkin binding polypeptide 
includes the synapsin-like protein disclosed herein (see 
Example VIII) . The isolated PBPs and peptides of the 

15 invention can be prepared by methods known in the art, 

including biochemical, recombinant and synthetic methods. 
For example, a PBP can be purified by routine biochemical 
methods from a cell or tissue source that expresses the 
corresponding transcript encoding the PBP or the PBP. 

20 The methods disclosed herein can be adapted for 
determining which cells and tissues, and which 
subcellular fractions therefrom, are appropriate starting 
materials. Biochemical purification can include, for 
example, steps such as solubilization of the appropriate 

25 tissue or cells, isolation of desired subcellular 

fractions, size, ion exchange, hydrophobic or affinity 
chromatography, electrophoresis, and immunoaf f inity 
procedures. The methods and conditions for biochemical 
purification of a polypeptide of the invention can be 

3 0 chosen by those skilled in the art, and purification 
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monitored, for example, by an immunological assay or a 
functional assay. 



The invention also provides antibodies that 
specifically bind a parkin binding polypeptide (PBP) . In 
5 a particular embodiment, the invention provides an 

antibody that specifically binds to the PBP having the 
amino acid sequence referenced as SEQ ID N0:2. As used 
herein, the term "antibody" is used in its broadest sense 
to include polyclonal and monoclonal antibodies, as well 
10 as antigen binding fragments of such antibodies. With 
regard to an antibody of the invention specific for a 
PBP, the term "antigen" means a native or synthesized PBP 
or fragment thereof . 

An antibody specific for a PBP, or an antigen 
15 binding fragment of such an antibody, is characterized by 
having specific binding activity for a PBP or a peptide 
portion thereof of at least about IxlO^M"-^. Thus, Fab, 
F{ab')2# Fd and Fv fragments of an antibody specific for 
a PBP, which retain specific binding activity for a PBP, 
20 are included within the definition of an antibody. 
Specific binding activity of a PBP can be readily 
determined by one skilled in the art, for example, by 
comparing the binding activity of an antibody to a PBP 
versus a control polypeptide that is not the PBP. One 
25 skilled in the art will readily understand the meaning of 
an antibody having specific binding activity for a 
particular PBP. The antibody can be a polyclonal or a 
monoclonal antibody. Methods of preparing polyclonal or 
monoclonal antibodies are well known to those skilled in 



the art (see, for example, Harlow and Lane, Antibodies: A 
Laboratory Manual , Cold Spring Harbor Laboratory Press 

(1988) ). When using polyclonal antibodies, the 
polyclonal sera can be affinity purified using the 
antigen to generate mono-specific antibodies having 
reduced background binding and a higher proportion of 
antigen-specific antibodies. 

In addition, the term "antibody" as used herein 
includes naturally occurring antibodies as well as non- 
naturally occurring antibodies, including, for example, 
single chain antibodies, chimeric, bifunctional and 
humanized antibodies, as well as antigen- binding 
fragments thereof. Such non-naturally occurring 
antibodies can be constructed using solid phase peptide 
synthesis, can be produced recombinant ly or can be 
obtained, for example, by screening combinatorial 
libraries consisting of variable heavy chains and 
variable light chains as described by Huse et al . 
(Science 246:1275-1281 (1989)). These and other methods 
of making, for example, chimeric, humanized, CDR-grafted, 
single chain, and bifunctional antibodies are well known 
to those skilled in the art (Winter and Harris, Immunol . 
Today 14:243-246 (1993); Ward et al . , Nature 341:544-546 

(1989) ; Harlow and Lane, supra, 1988; Hilyard et al . , 
Protein Engineering; A practical approach (IRL Press 
1992) ; Borrabeck, Antibody Engineering , 2d ed. (Oxford 
University Press 1995) ) . 

Antibodies specific for a PBP can be raised 
using an immunogen such as an isolated PBP, or a fragment 



thereof, which can be prepared from natural sources or 
produced recombinantly, or a peptide portion of the PBP 
that can function as an epitope. Such peptide portions 
of a PBP are functional antigenic fragments if the 
5 antigenic peptides can be used to generate an antibody 
specific for a PBP. A non- immunogenic or weakly 
immunogenic PBP or portion thereof can be made 
immunogenic by coupling the hapten to. a carrier molecule 
such as bovine serum albumin (BSA) or keyhole limpet 

10 . hemocyanin (KLH) . Various other carrier molecules and 
methods for coupling a hapten to a carrier molecule are 
well known in the art (see, for example, Harlow and Lane, 
supra, 1988) . An immunogenic PBP fragment can also be 
generated by expressing the peptide portion as a fusion 

15 protein, for example, to glutathione S transferase (GST) , 
polyHis, or the like. Methods for expressing peptide 

» • 

fusions are well known to those skilled in the art 
(Ausubel et al . , Current Protocols in Molecular Biology 
(Supplement 47), John Wiley & Sons, New York (1999)). 

20 The invention also provides a method of 

detecting a PBP by contacting a sample with an antibody 
that specifically binds a PBP and detecting specific 
binding of the antibody. An antibody specific for a PBP 
is therefore useful, for example, for determining the 

25 presence and/or level of a PBP in a sample. An antibody 
specific for a PBP is also useful for cloning a nucleic 
acid molecule encoding a gene encoding a .polypeptide 
immunologically related to a PBP from an appropriate 
expression library, for example, a lambda gtll library, 

3 0 or other type of expression library. An antibody 



specific for a PBP also can be used to substantially 
purify a PBP from a sample, for example, from a cell 
extract of a cell or tissue expressing a PBP or a cell 
extract from a cell expressing a PBP from a recombinant 
nucleic acid molecule. 

Assays for detecting PBPs include, for example, 
immunohistochemistry, immunofluorescence, ELISA assays, 
radioimmunoassay, FACS analysis, immunoprecipitation, 
immunoblot analysis, and flow cytometry, using antibodies 
or antigen binding fragments specific for a PBP (Harlow 
and Lane, supra, 1988; Harlow and Lane, Using Antibodies: 
A Laboratory Manual , Cold Spring Harbor Press (1999)). 
Various immunoassays are well known in the art, and can 
be readily modified by those skilled in the art, as 
desired. For example, the antibody used' in an 
immunological assay can be rendered detectable by 
incorporation of, or by conjugation to, a detectable 
moiety, or binding to a secondary molecule that is itself 
detectable or detectably labeled. 

< 

A PBP or an antibody specific for a PBP can be 
labeled so as to be detectable using methods well known 
in the art (Hermanson, Biocon jugate Techniques , Academic 
Press, 1996; Harlow and Lane, supra, 1988) . For example, 
the peptide or antibody can be labeled with various 
detectable moieties including a radiolabel, an enzyme, 
biotin or a f luorochrome . Reagents for labeling a 
peptide or antibody can be included in a kit containing 
the peptide or antibody or can be purchased separately 
from a commercial source. The invention further provides 
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a kit; which contains a PBP, an antibody specific for a 
PBP, or both. Such a kit also can contain a reaction 
cocktail that provides the proper conditions for 
performing an assay, for example, an ELISA or other. 
5 immunoassay for determining the level. of expression of a 
PBP in a sample, and can contain control samples that 
contain known amounts of a PBP and, if desired, a second 
antibody that can bind to an antibody specific for the 
PBP. Where the kit is to be used for an immunoassay, it 
10 can include a simple method for detecting the presence or 
amount of a PBP in a sample that is bound to the 
antibody. 

The invention also provides, an isolated nucleic 
acid molecule encoding a PBP. amino acid sequence as 

.15 disclosed herein, for example, the amino acid sequence 

referenced as SEQ ID NO: 2. The invention also provides a 
modification of such a nucleic acid molecule. Such a 
nucleic acid molecule includes degenerate nucleotide 
sequences that encode the referenced amino acid sequence. 

20 Additionally, the invention provides an isolated PBP 

nucleic acid molecule comprising the nucleotide sequence 
referenced as SEQ ID NOs:l, 3 or 4, as well as a 
modification thereof. The invention additionally 
provides nucleic acid molecules having nucleotide 

25 sequences that encode a functional fragment of a PBP, as 
disclosed herein. 

The invention also provides a modification of a 
PBP nucleotide sequence that hybridizes to a PBP nucleic 
acid molecule, for example, a nucleic acid molecule 
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referenced as SEQ ID N0:1, 3 or 4 , under at least 
moderately stringent conditions. Modifications of PBP 
nucleotide sequences, where the modification has at least 
60% identity to a PBP nucleotide sequence, are also 
5 provided- The invention also provides modification of a 
PBP nucleotide sequence having at least 65% identity, at 
least 70% identity, at least 75% identity, at least 80% 
identity, at least 85% identity, at least 90% identity, 
at least 95% identity, at least 98% identity, or at least 
10 99% identity to a PBP nucleic acid such as that 
referenced as SEQ ID N0:1, 3 or 4 . 

Moderately stringent conditions, as used 
herein, refers to hybridization conditions that permit a 
nucleic acid molecule to bind a nucleic acid that has 

15 substantial identity to a reference sequence. Moderately 
stringent conditions include conditions equivalent to 
hybridization of filter-bound nucleic acid in 50% 
formamide, 5 X Denhart ' s solution, 5 X SSPE, 0.2% SDS at 
42''C, followed by washing in 0.2 X SSPE, 0.2% SDS, at 

20 42°C. In contrast, "highly stringent conditions" include 
conditions equivalent to hybridization of filter-bound 
nucleic acid in 50% formamide, 5 X Denhart * s solution, 5 
X SSPE, 0.2% SDS at 42''C, followed by washing in 0.2 X 
SSPE, 0.2% SDS, at 65^C. Denhart ' s solution contains 1% 

25 Ficoll, 1% polyvinylpyrolidone, and 1% bovine serum 
albumin (BSA) . 20X SSPE (sodium chloride, sodium 
phosphate, ethylene diamide tetraacetic acid (EDTA) ) 
contains 3M sodium chloride, 0 . 2M sodium phosphate, and 
0.025 M (EDTA). Other suitable moderately stringent and 

30 highly stringent hybridization buffers and conditions. 



38 

including varying salt and temperature conditions, are 
well known to those of skill in the art and are 
described, for example, in Sambrook et al . , Molecular 
Cloning : A Laboratory Manual , 2nd ed., Cold Spring Harbor 
5 Press, Plainview, New York (1989); and Ausubel et al . , 
supra, 1999) . 

In general, a nucleic acid molecule that 
hybridizes to a recited sequence under moderately 
stringent conditions will have greater than about 60% 

10 identity, such as greater than about 70% identity or 

greater than about 80% identity to the reference sequence 
over the length of the two sequences being compared. A 
nucleic acid molecule that hybridizes to a recited 
sequence under highly stringent conditions will generally 

15 have greater than about 90% identity, including greater 
than about 95% identity, to the reference sequence over 
the length of the two sequences being compared. Identity 
of any two nucleic acid sequences can be determined by 
those skilled in the art based, for example, on a BLAST 

20 computer alignment, or similar methods for aligning 
sequences, using default parameters or other desired 
parameters (see, for example, Tatiaha et al . , FEMS 
Microbiol Lett. 174:247-250 (1999); Altschul et al . , 
Mol- Biol. 215:403-410 (1990); Gish and States, (1993) 

25 Nature Genet. 3:266-272 (1993); Madden et al . , Meth. 

Enzymol . 266:131-141 (1996); Altschul et al . , Nucleic 
Acids Res. 25:3389-3402 (1997). 

« 

An isolated PBP nucleic acid molecule of the 
invention can be used in a variety of diagnostic and 
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therapeutic applications. For example, an isolated PBP 
nucleic acid molecule of the invention, or a fragment 
thereof, can be used as a probe or to derive a probe or 
primers suitable for amplification of a PBP nucleic acid 
5 molecule or fragment thereof, as described herein; as a 
template for the recombinant expression of a parkin 
bidning polypeptide; or in screening assays such as two- 
hybrid assays to identify cellular molecules that bind a 
PBP, similar to those used to the binding of a PBP to 
10 parkin (see Example I) . 

The invention also provides an oligonucleotide 
containing at least 15 contiguous nucleotides of a PBP 
nucleotide sequence disclosed herein, or the antisense . 
strand thereof. The oligonucleotides of the invention 

15 that contain at least 15 contiguous nucleotides of a 

reference PBP nucleotide sequence are able to hybridize 
to under moderately stringent or higher stringency 
hybridization conditions to. a PBP nucleic acid molecule 
and thus can be advantageously used, for example, as 

20 probes to detect a PBP DNA or RNA in a sample, or to 
detect splice variants thereof; as sequencing or PGR 
primers; as antisense reagents to block transcription of 
RNA in cells or to generate short interfering RNAs 
(siRNAs) , as disclosed herein; or in other applications 

25 known to those skilled in the art in which hybridization 
to a PBP nucleic acid molecule is desirable. 



It is understood that a PBP nucleic acid 
molecule, as used herein, specifically excludes 
previously known nucleic acid molecules consisting of 
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nucleotide sequences having identity with a PBP 
nucleotide sequence, as disclosed herein, such as SEQ ID 
N0:1, 3 or 4, for example, Expressed Sequence Tags 
(ESTs) , Sequence Tagged Sites (STSs) and genomic 
fragments, deposited in public databases such as the nr, 
dbest, dbsts, gss and htgs databases, which are available 
for searching on databases (Altschul et al . , Nucleic 
Acids Res. 25:3389-3402 (1997)). 



10 



15 



20 



25 



In a particular embodiment, the invention 
provides an oligonucleotide containing 20 to 200 
contiguous nucleotides having 100% identity with 
nucleotides 796-955 of SEQ ID N0:1, or the antisense 
strand thereof. The oligonucleotide can contain at least 
25, 30, 40, 50, 60, 70 , . 80 , 90 , .100 , 125, 150, 175 
contiguous nucleotides, and up to 200 contiguous 
nucleotides having 100% identity with nucleotides 896-955 
of SEQ ID N0:1. Specifically excluded from 
oligonucleotides of the invention are nucleotide 
sequences corresponding to GenBank accesion numbers 
BI041917; CD614598; CD614596; CD614594; CD614592 



. ♦ 



CD614590 
BU542453 
BM910986 
BG113587 



CD614588; CD614576 

BF666086; AW374529 

BG765308; BG745915 

BF837913; BE909317 



CD614574 



BU687172 



BG745175 
BE899012 



CD614570 



BM975158 



BG698661 



AL135049 



AI143229, as well as other known sequences having 
identity with the nucleic acid molecules of the 



invention. 



The PBP nucleic acid molecules and 
oligonucleotides of the invention can be produced or 



isolated by methods known in the art (see, for example, 
Sambrook et al . , supra, 1989; Ausubel et al . , supra, 
1999) . The method chosen will depend, for example, on 
the type of nucleic acid molecule desired. Those skilled 
in the art, based on knowledge of the nucleotide 
sequences disclosed herein, can readily isolate PBP 
nucleic acid molecules as genomic DNA, or can isolate 
desired introns, exons or regulatory sequences therefrom; 
as full-length cDNA or desired fragments therefrom; or as 
full-length mRNA or desired . fragments therefrom, by 
methods known in the art . 

• * 
< ■ > • 

One useful method for producing a PBP nucleic 
acid molecule of the invention involves amplification of 
the nucleic acid molecule using PGR and suitable 
oligonucleotides. Either PGR or RT-PGR can be used to • 
produce a PBP nucleic acid molecule having desired 
nucleotide boundaries. Desired modifications to the 
nucleic acid sequence can also be introduced by choosing 
an appropriate oligonucleotide primer with one or more 
additions, deletions or substitutions. Such nucleic acid 
molecules can be amplified exponentially starting from as 
little as a single gene or mRNA copy, from any cell, 
tissue or species of interest. 

The invention additionally provides a method of 
detecting a PBP nucleic acid molecule in a sample by 
contacting the sample with a PBP nucleic acid molecule or 
one or more oligonucleotides derived therefrom under 
conditions allowing specific hybridization to a PBP 
nucleic acid molecule, and detecting specific 
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hybridization. The PBP nucleic acid molecule can be, for 
example, the PBP nucleotide sequence referenced as SEQ ID 
N0:1, 3 or 4 or an oligonucleotide derived therefrom 
containing at least 15 contiguous nucleotides of a 
5 reference PBP nucleotide sequence such as SEQ ID N0:1, 3 
or 4 . It is understood that such a PBP nucleic acid 
molecule or oligonucleotide derived therefrom can be the 
sense or antisense, as needed for the desired detection 
method . 

10 The invention additionally provides a method of 

detecting a PBP nucleic acid molecule in a sample by 
contacting the sample with two or more oligonucleotides 
suitable for amplification of the desired nucleic acid 
molecule, amplifying a nucleic acid molecule, and 

15 detecting the amplification. The methods of detecting a 
PBP nucleic acid in a sample can be either qualitative or 
quantitative, as desired. For example, the presence, 
.abundance, integrity or structure of a PBP nucleic acid 
can be determined, as desired, depending on the assay 

2 0 format and the probe or primer pair chosen. 

Useful assays for detecting a PBP nucleic acid 
based on specific hybridization with an isolated PBP 
nucleic acid molecule are well known in the art and 
include, for example, in situ hybridization, which can be 
25 used to detect altered chromosomal location of the 

nucleic acid molecule, altered gene copy number, and RNA 
abundance, depending on the assay format used. Other 
hybridization assays include, for example, Northern blots 
and RNase protection assays, which can be used to 



determine the abundance and integrity of different RNA 
splice variants, and Southern blots, which can be used to 
determine the copy number and integrity of DNA. A 
hybridization probe can be labeled with any suitable 
detectable moiety, such as a radioisotope, • fluorochrome, 
chemi luminescent marker, biotin, or other detectable 
moiety known in the art that is detectable by analytical 
methods . 

Useful assays for detecting a PBP nucleic acid 
in a sample based on amplifying a PBP nucleic acid with 
two or more oligonucleotides are also well known in the 
art, and include, for example, qualitative or 
quantitative polymerase chain reaction (PGR) ; reverse- 
transcription PGR (RT-PGR) ; single strand conformational 
polymorphism (SSGP) analysis, which can readily identify 
a single point mutation in DNA based on differences in 
the secondary structure of single -strand DNA that produce 
an altered electrophoretic mobility upon non- denaturing 
gel electrophoresis; and coupled PGR, transcription and 
translation assays, such as a protein truncation test, in 
which a mutation in DNA is determined by an altered 
protein product on an electrophoresis gel.. Additionally, 
the amplified PBP nucleic acid can be sequenced to detect 
mutations and mutational hot-spots, and specific assays 
for large-scale screening of samples to identify such 
mutations can be developed. 

The invention further provides a kit containing 
a PBP nucleic acid molecule, for example, a PBP 
nucleotide sequence referenced as SEQ ID N0:1, 3 or 4 or 
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a PBP oligonucleotide of the invention. For example, the 
diagnostic nucleic acids can be derived from any portion 
of a PBP nucleic acid molecule such as SEQ ID N0:1, 3 or 
4 or an anti-sense strand thereof. Kits of the invention 
5 are useful as diagnostic systems for assaying for the 
presence or absence of nucleic acid encoding a PBP in 
either genomic DNA, mRNA or cDNA. A suitable diagnostic 
system includes at least one invention nucleic acid and 
can contain two or more invention nucleic acids as a 

10 separately packaged chemical reagent (s) in an amount 

sufficient for at least one assay. Instructions for use 
of the packaged reagent are also typically included. 
Those of skill in the art can readily incorporate 
invention nucleic acid probes and/or oligonucleotides 

15 useful as primers into kit form in combination with 

appropriate buffers and solutions for the practice of the 
invention methods as described herein. 

The PBP nucleic acid molecules of the invention 
can be used to screen for nucleic acid molecules related 

20 to a PBP nucleic acid molecule. Nucleic acid molecules 

related to a PBP nucleic acid molecule can be identified, 
for example, by screening a library, such as a genomic 
library, cDNA library or expression library, with a 
detectable agent. Such libraries are commercially 

25 available or can be produced from any desired tissue, 

cell, or species of interest using methods known in the 
art. For example, a cDNA or genomic library can be 
screened by hybridization with a detectably labeled PBP 
nucleic acid molecule. Additionally, an expression 

30 library can be screened with an antibody raised against a 
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polypeptide corresponding to the coding sequence of a PBP 
nucleic acid. The library clones containing PBP nucleic 
acid molecules of the invention can be isolated from 
other clones by methods known in the art and, if desired, 
5 fragments therefrom can be isolated by restriction enzyme 
digestion and gel electrophoresis. 

The invention also provides a vector containing 
a PBP nucleic acid molecule. The vectors of the 
invention are useful for subcloning and amplifying a PBP 

10 nucleic acid molecule and for recombinantly expressing a 
PBP polypeptide. A vector of the invention can include, 
for example, viral vectors such as a bacteriophage, a 
baculovirus or a retrovirus; cosmids or plasmids; and, 
particularly for cloning large nucleic acid molecules, 

15 bacterial artificial chromosome' vectors (BACs) and yeast 
artificial chromosome vectors (YACs) . Such vectors are 
commercially available, and their uses are well known in 
the art . 

The invention additionally provides a host cell 
20 containing a vector comprising a PBP nucleic acid . 

molecule. Exemplary host cells that can be used to 
express recombinant PBP molecules include mammalian 
primary cells, \ established mammalian cell lines, such as 
COS, CHO, HeLa, NIH3T3, HEK 293 and PC12 cells; amphibian 
25 cells, such as Xenopus embryos and oocytes; and other 
vertebrate cells. Exemplary host cells also include 
insect cells such as Drosophila, yeast cells such as 
Saccharomyces cerevisiae, Saccharomyces pomhe, or Pichia 
pastoris, and prokaryotic cells such as Escherichia coli. 
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The invention also provides methods of 
identifying molecules that modulate expression and/or 
activity of a PBP. These molecules can be used, for 
example, in therapeutic applications to promote or 
5 inhibit a biological function of a PBP. 

Various binding assays to identify cellular 
proteins that interact with protein binding domains are 
known in the art and include, for example, yeast two- 
hybrid screening assays, (see, for example, U.S. Patent i 

10 Nos. 5,283,173, 5,468,614 and 5,667,973; Ausubel et 

al., supra, 1999; Luban et al . , Curr . Qpin . Biotechnol . 
,6:59-64 (1995)), which, as disclosed herein, was used to 
identify exemplary parkin binding polypeptides (PBPs) . 
Other methods include affinity column chromatography 

15 methods using cellular extracts. By synthesizing or 

expressing polypeptide fragments containing various PBP 
sequences or deletions, the PBP binding interface can be 
readily identified. 

The invention also provides. a method of 
2 0 identifying molecules, such as PBP modulatory compounds, 
that modulate PBP expression and/or activity. A PBP 
modulatory compound is a molecule that specifically binds 
a PBP nucleic acid molecule or PBP and alters its 
expression or activity. A PBP modulatory compound can be 
25 a naturally occurring macromolecule, such as a peptide or 
polypeptide, nucleic acid, carbohydrate, lipid, or any 
combination thereof. A PBP modulatory compound also can 
be a partially or completely synthetic derivative, analog 
or mimetic of such a macromolecule, or a small organic or 
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inorganic molecule prepared partly or completely by 
combinatorial chemistry methods. An exemplary PBP 
modulatory compound includes, an inhibitor, as disclosed 
herein. Methods for producing pluralities of compounds 
5 to use in screening for PBP modulatory compounds, 

including chemical or biological molecules such as simple 
or complex organic molecules, metal -containing compounds, 
carbohydrates, peptides, proteins, peptidomimetics , 
glycoproteins, lipoproteins, nucleic acids, antibodies, * 
10 and the like, are well known in the art, as described 
herein. 

A variety of low- and high- throughput assays 
known in the art are suitable for detecting specific 
binding interactions between a PBP nucleic acid molecule 

15 or polypeptide and a candidate PBP modulatory compound. 
Both direct and competitive assays can be performed, 
including, for example, fluorescence correlation 
spectroscopy (FCS) and scintillation proximity assays 
(SPA) (reviewed in Major, J, Receptor Signal Transduction 

20 Res. 15:595-607 (1995); and in Sterrer et al . , J. 

Receptor Signal Transduction Res., 17:511-520 (1997) ) . 
Assays for detecting specific binding interactions can 
include affinity separation methods using a PBP-specific 
ligand, for example, an antibody used in ELISA assays, 

25 FACS analysis or affinity separation. 

Assays to identify compounds that modulate gene 
expression of a PBP can involve first transducing cells 
with a PBP promoter- reporter nucleic acid construct such 

that a change in expression of a protein such as p- 
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lactamase, lucif erase, green fluorescent protein or P- 
galactosidase will be detected in response to contacting 
the cell with a PBP modulatory compound that upregulates 
or downregulates expression of a PBP. Such assays and 
reporter systems are well known in the art and are 
described, for example, in Ausubel et al , , supra, 1999. 
Other assays to identify compounds that modulate gene 
expression of a PBP include assays that measure levels of 
PBP transcripts, such as Northern blots, RNase protection 
assays, and RT-PCR. Methods of identifying a promoter 
and/or enhancer from genomic DNA encoding a PBP are well 
known in the art . A reporter gene construct can be 
generated using the promoter region of PBP gene and 
screened for compounds that increase or decrease PBP gene 
promoter activity. Such compounds can also be used to 
alter PBP expression. 

Assays to identify compounds that modulate 
expression of a PBP can involve detecting a change in PBP 
abundance in response to contacting the cell with a PBP 
modulatory compound. Assays for detecting changes in 
polypeptide expression include, for example, immunoassays 
with specific PBP antibodies, such as immunoblotting, 
immunofluorescence, immunohistochemistry and 
immunoprecipitation assays. 

Appropriate assays to determine whether a PBP 
modulatory compound inhibits or promotes a PBP activity 
can be determined by those skilled in the art based on a 
biological activity of the PBP. For example, a PBP can 
be screened with various compounds, as described above, 



49 

to identify a PBP modulatory compound that alters 
expression of a PBP nucleic acid or a PBP or that alters 
a biological activity of a PBP. 

The polypeptides and nucleic acid molecules of 
the invention can be used in various diagnostic or 
therapeutic applications. The diagnostic and therapeutic 
applications can be based on a biological activity of a 
PBP. For example, a PBP nucleic acid molecule can be 
used in therapeutic methods to treat an individual having 
an altered PBP activity. The loss of parkin function in 
patients with AR-JP can alter the function of a PBP, such 
as synaptotagmin 1 or 11 or SLP. Since parkin 
ubiquitinates PBPs, a loss of parkin function can serve 
to increase expression of a PBP. . In a therapeutic 
method, an altered PBP activity that is increased 
relative to normal PBP expression can be decreased by 
administering a PBP anti- sense nucleic acid or siRNA, as 
disclosed herein. 

A vector containing nucleic acid molecule to 
20 inhibit expression of a PBP can be introduced into an 
individual by in vivo or ex vivo methods to decrease 
expression of a PBP. Vectors useful for such therapeutic 
methods include, for example, retrovirus, adenovirus, 
lentivirus, herpesvirus, poxvirus DNA or any viral DNA 
2 5 that allows expression of a heterologous polynucleotide 
of interest. Other vectors can also be employed, for 
example, DNA vectors, pseudotype retroviral vectors, 
adeno-associated virus, gibbon ape leukemia vector. 



10 



15 



50 

vesicular stomatitis virus (VSV) , VL30 vectors, liposome 
mediated vectors, and the like. 



PBP modulatory compounds can also be us^d in 
therapeutic methods. For example, a PBP modulatory 
5 compound can be used to alter the expression or activity 
of a PBP that is aberrantly expressed, for example, 
having increased expression resulting from a loss of 
parkin function. For example, increased expression of a 
PBP can be reduced with a PBP modulatory compound that 
10 decreases expression and/or activity of the PBP. 

The invention further provides a method of 
generating an animal model of Parkinson's disease by 
generating a transgenic animal expressing an increased 
level of a parkin binding polypeptide. The parkin 
15 binding polypeptide can be selected from synaptotagmin I., 
synaptotagmin XI, or synpasi-n-like protein. The 
invention additionally provides an animal model of 
Parkinson's disease generated by such a method. 

The present invention further provides 
2 0 transgenic non-human mammals that are capable of 

expressing exogenous nucleic acids encoding a PBP. Since 
the loss of parkin leads to decreased ubiquitination of 
PBPs and therefore increased expression, expression of a. 
PBP in a transgenic non- human mammal can serve as an 
25 animal for at least some aspects of Parkinson's disease. 
The PBP transgene can be targeted to a cell or tissue 
known to express the PBP, as disclosed herein (see 
Examples VI -VI II) . An exogenous nucleic acid refers to a 
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nucleic acid sequence which is not native to the host, or 
which is present in the host in other than its native 
environment, for example, as part of a genetically 
engineered DNA construct. In addition to naturally 
5 occurring levels of PBP, a PBP of the invention, can 
either be overexpressed, as discussed above, or 
underexpressed in transgenic mammals, for example, as in 
the well-known knock-out transgenics. : 

Also contemplated herein is the use of 
10 homologous recombination of mutant or normal versions of 
a PBP gene with the native gene locus in transgenic 
animals to alter the regulation of expression or the 
structure of a PBP by replacing the endogeneous gene with 
a recombinant or mutated PBP gene. Methods for producing 
15 a transgenic non-human mammal, including a gene knock-out 
non-human mammal, are well known to those skilled in the 
art (see, Capecchi et al . , Science 244:1288 (1989); 
Zimmer et al . , Nature 338:150 (1989); Shastry, 
Experentia , 51:1028-103:9 (1995) ;. Shastry , Mol . Cell. 
20 Biochem. , 181:163-179 (1998); and U.S. Patent No, 

5,616,491, issued April 1, 1997, No. 5,750,826, issued 
May 12, 1998, and No. 5,981,830, issued November 9, 
1999) . 

Also provided are transgenic non- human mammals 
25 capable of expressing nucleic acids encoding a PBP so 

mutated as to be incapable of normal activity and which, 
therefore, do not express native PBP. The present 
invention also provides transgenic non-human mammals 
having a genome comprising antisense nucleic acids 
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complementary to nucleic acids encoding a PBP, placed so 
as to be transcribed into antisense mRNA complementary to 
mRNA encoding a PBP, which hybridizes, to the mRNA and, 
thereby, reduces the translation thereof. The nucleic 
5 acid can additionally comprise an inducible promoter 
and/or tissue specific regulatory elements, so that 
expression can be induced, or restricted to specific cell 
types. An example of a non-^human transgenic mammal is a 
transgenic mouse. Examples of tissue specif icity- 
10 determining elements are the metallothionein promoter and 
the L7 promoter. 

Animal model .. systems that elucidate the 
physiological and behavioral rol^s of a PBP are also 
provided and are produced by creating transgenic animals 

15 in which the. expression of the PBP is altered using a 
variety of techniques. .Examples of such techniques 
include the insertion of normal or mutant versions of 
nucleic acids encoding a PBP by microinjection, 
retroviral infection or other means well known to those 

20 skilled in the art, into appropriate fertilized embryos- 
to produce a transgenic animal (see, for example, Hogan ■ 
et al . , Manipulating the Mouse Embryo: A Laboratory 
Manual (Cold Spring Harbor Laboratory, (1986) ) . 

As discussed herein, parkin functions as an E3 
25 ubiquitin ligase. Parkin was found to ubiquitinate 

synaptotagmins 1 and 11. Inactivating mutations of the 
parkin gene cause autosomal recessive juvenile 
parkinsonism. Inactivation of parkin therefore can 
affect the ability of parkin interacting polypeptides to 



be processed, for example, by ubiquitination . It is 
possible that mimicking the activity of parkin, that is. 
decreasing an activity of a parkin interacting 
polypeptide, can be used to ameliorate a sign or symptom 
associated with Parkinson's disease. One skilled in the 
art can readily recognize or determine the amelioration 
of a sign. or symptom associated with Parkinson's disease. 

Methods of decreasing an activity of a 
polypeptide are well known to those skilled in the art . ' 
It is understood that a decrease in activity of a 
polypeptide includes both decreasing the expression level 
of the polypeptide as well as decreasing a biological 
activity exhibited by the polypeptide. 

i i 

Methods for decreasing the expression of a 
polypeptide can include, for example, the use of 
ribozymes, antisense nucleic acids or RNA interference. 
RNA interference has been described previously (Fire et 
al.. Nature 391:806-811 (1998). In RNA interference as 
it occurs naturally, during the initiation step, input 
dsRNA is digested into 21-23 nucleotide small interfering 
RNAs (siRNAs) , which have also been called "guide RNAs". 
as described in Hammond et al . Nature Rev Gen 2 : 110-119 
(2001); Sharp, Genes Dev 15: 485-490 (2001); and 
Hutvagner and Zamore, Curr Op in Genetics & Development 
12: 225-232 ( 2002) . The siRNAs are produced when an 
enzyme belonging to the RNase III family of dsRNA- 
specific ribonucleases progressively cleaves dsRNA, which 
can be introduced directly or via a transgene or vector. 
Successive cleavage events degrade the RNA to 19-21 base 
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pair duplexes (siRNAs) , each with 2-nucleotide 3* 
overhangs as described by Hutvagner and Zamore, Curr . 
Opin. Genetics & Development 12:225-232 (2002); 
Bernstein et al . , Nature 409:363-366 (2001). In the 
5 effector step^ the siRNA duplexes bind to a nuclease 
complex to form what is known as. the RNA- induced 
silencing complex, or RISC. The active RISC then targets 
the homologous transcript by base pairing interactions 
and cleaves the mRNA approximately 12 nucleotides from 
10 the 3' terminus of the siRNA (Nykanen et al . , Cell 
107 :309-321 (2001) ) . 

A parkin interacting polypeptide activity can 
also be decreased using an inhibitor- An inhibitor can 

15 be a compound that decreases expression, activity or 
intracellular signaling of a parkin interacting 
polypeptide. Such an inhibitor can be, for example, a 
small molecule, protein, peptide, peptidomimetic, 
ribozyme, nucleic acid molecule or oligonucleotide, 

20 oligosaccharide, or combination thereof. Methods for 

generating such molecules are well known to those skilled 
in the art (Huse, U.S. Patent No. 5,264,563; Francis et 
al . , Curr. Opin. Chem. Biol . 2:422-428 (1998); Tietze et 
al., Curr. Biol ., 2:363-371 (1998); Sofia, Mol . Divers . 

25 3:75-94 (1998); Eichler et al . , Med. Res. Rev. 15:481-496 
(1995); Gordon et al . , J. Med. Chem. 37: 1233-1251 
(1994); Gordon et al . , J. Med. Chem. 37: 1385-1401 
(1994); Gordon et al . , Acc . Chem. Res. 29:144-154 (1996); 
Wilson and Czarnik, eds., Combinatorial Chemistry : 

3 0 Synthesis and Application , John Wiley & Sons, New York 
(1997) ) . Libraries containing large numbers of natural 
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and synthetic compounds also can be obtained from 
commercial sources. Combinatorial libraries of molecules 
can be prepared using well known combinatorial chemistry 
methods, as discussed above. An inhibitor can include, 
5 for example, an antagonist; a dominant negative molecule 
that prevents activation of a parkin interacting 
polypeptide; antibodies, proteins, small molecules and 
oligonucleotides that inhibit an activity or expression 
of a parkin interacting polypeptide; ribozymes, antisense 

10 nucleic acid molecules, and nucleic acid molecules 

encoding negative regulatory transcription factors that 
prevent or reduce parkin interacting polypeptide 
expression, as well as cells or viruses containing such 
ribozymes and nucleic acid molecules. One skilled in the 

15 art will readily understand that these and other 

molecules that inhibit parkin interacting polypeptide- 
expression, activity or signaling can be used as an 
inhibitor. 

20 . A sequence -specific ribonuclease such as a 

ribozyme or an antisense nucleic acid molecule can also 
be used to inhibit the expression of a parkin interacting 
polypeptide. A sequence-specific ribonuclease refers to 
a molecule that catalyzes the cleavage of RNA at a 

25 defined ribonucleotide sequence. A ribozyme refers to an 
RNA molecule that catalyzes the cleavage of RNA at a 
defined ribonucleotide sequence. Ribozymes such as 
hammerheads and hairpins can be designed and prepared by 
routine methods. The specificity of ribozymes such as 

3 0 hammerheads and hairpins for a target cleavage site is 
determined by base-pairing between the ribozyme and its 
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RNA target. Methods of designing ribozymes are well 
known as described, for example, in Hauswirth and Lewin, 
Prog, Retin. Eye Res, 19:689-710 (2000), and Lewin and 
Hauswirth, Trends. Mol , Med. 7:221-228 (2001), 

5 

Sequence-specific ribonucleases, including 
ribozymes and DNA enzymes, can be designed as described 
above and prepared by standard methods for synthesis of 
nucleic acid molecules. See, also, Ke et al . , Int. J. 

10 Oncol . 12:1391-1396 (1998); Doherty et al . , Ann , Rev ■ 

Biophys . Biomol . Struct . 30:457-475 (2001); Hauswirth and 
Lewin, supra, 2 000; and Lewin and Hauswirth, supra, 2 001. 
Sequence-specific ribozymes also can be identified by in 
vitro selection from pools of random sequences. Such 

15 methods are well-established, as described, for example, 
in Bartel and Szostak, Science 261:1411-1418 (1993), 
Breaker, Chem . Rev . 97:371-390 (1997) and Santoro and 
Joyce , Proc. Natl. Acad. Sci., USA 94:4262-4266 (1997)). 

2 0 Where a ribozyme is to be administered to a 

patient without being delivered using a viral or other 
vector, the ribozyme can be modified, if desired, to 
enhance stability. Modifications useful in a therapeutic 
ribozyme include, but are not limited to, blocking the 3' 
25 end of the molecule and the 2' positions of pyrimidines . 

Stabilized ribozymes can have half-lives of hours and can 
be administered repeatedly using, for example, 
intravenous or topical injection. Those skilled in the 
art understand that a ribozyme also can be administered 

3 0 by expression in a viral gene therapy vector. A DNA 

oligonucleotide encoding the ribozyme can be cloned 
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downstream of a RI^A pol II or RNA pol III promoter and, 
if desired, can be embedded within the transcripts of 
genes such as tRNAval, U6 snRNA or the adenoviral VAl 
RNA. 

5 

An antisense nucleic acid molecule refers to a 
nucleic acid molecule that is complementary in sequence 
to all or part of a molecule of messenger RNA or another 
. specific RNA transcript. An antisense nucleic acid 
10 molecule can be, for example, DNA or. RNA, and can include 
naturally occurring nucleotides as well as synthetic 
nucleotides or other non-naturally occurring 
modifications such as modifications to the phosphate 
■ backbone that improve stability. Antisense 
15 oligonucleotides, including phosphorothioate and other 
modified oligonucleotides, are encompassed by the term 
antisense nucleic acid molecule as used herein. Without 
being bound by the following, an antisense nucleic acid 
molecule useful in the invention can reduce mRNA 
.20 translation or increase mRNA degradation, thereby 
reducing expression of the target mRNA. 

The homology requirement for reduction of 
expression using antisense methodology can be determined 

25 empirically. Generally, at least about 80-90% nucleic 

acid sequence identity is present in an antisense nucleic 
acid molecule useful in the invention, with higher 
nucleic acid sequence identity often used in antisense 
oligonucleotides, which can be perfectly identical to the 

3 0 patient's endogenous transcript. The target sequence can 
be chosen, if desired, to have a small single-stranded 
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region at which nucleation takes place, in addition to a 
double -stranded, helically ordered stem that is invaded 
by the antisense molecule to displace one of the strands 
(Mir and Southern, Nature Biotech. 17:788-792 (1999). 
Methods for selecting and preparing antisense nucleic 
acid molecules are well known in the art and include in 
silico approaches (Patzel et al . Nucl . Acids Res. 
27:4328-4334 (1999); Cheng et al . , Proc . Natl. Acad. 
Sci . , USA 93:8502-8507 (1996); Lebedeva and Stein, Ann. 
Rev . Pharmacol . Toxicol . 41 :403-419 (2001) ; Juliano and 
Yoo, Curr. Opin. Mol . Ther., 2 : 297-303 (2000); and Cho- 
Chung, Pharmacol . Ther : 82:437-449 (1999)). 

4 ■ 

* I 

One skilled. in the art can readily determine a 
decrease in activity or expreission of a parkin binding 
polypeptide. For example, nucleic. acid probes or primers 
can be used to examine expression of a parkin interacting 
polypeptide mRNA, and iparkin interacting polypeptide 
antibodies can be used* to examine expression levels of 
the polypeptide. The effect of an inhibitor can be 
readily determined by assaying its effect on a biological 
activity of a parkin interacting polypeptide. For 
example, an activity of a synaptotagmin can be determined 
(Sudhof, J. Biol. Chem. 277:7629-7632 (2002)). These and 
other suitable methods, which can be readily determined 
by those skilled in the art, can be used to test the 
effect of a compound as a potential inhibitor of a parkin 
interacting polypeptide. Compounds can also be screened 
for the ability to increase ubiquitination of a parkin 
interacting polypeptide to compensate for a decrease in 
parkin ubiquitination activity in Parkinson's disease. 



The invention provides, in another embodiment, 
a method of identifying a candidate drug for treating 
Parkinson's disease by contacting a parkin binding 
polypeptide with one or more compounds and identifying a 
compound that alters the activity of the parkin binding 
polypeptide. Exemplary parkin binding polypeptides 
include synaptotagmin I, synaptotagmin XI, and synpasin- 
like protein. The method can be used to screen for a 
compound that decreases the activity of the parkin 
binding polypeptide. 

The invention further provides a method of 
identifying a candidate drug for treating Parkinson's 
disease by contacting a cell expressing a parkin binding 
polypeptide with one or more compounds and identifying a 
compound that decreases the expression of the parkin 
binding polypeptide. In another embodiment, the 
invention provides a method of treating Parkinsons' s 
disease by administering a molecule that decreases 
expression or activity of a parkin binding polypeptide. 
Such a molecule can be identified by the methods 
disclosed herein. 

It is understood that modifications which do 
not substantially affect the activity of the various 
embodiments of this invention are also provided within 
the definition of the invention provided herein. 
Accordingly, the following examples are intended to 
illustrate but not limit the present invention. 
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EXAMPLE I 

Identification o£ Parkin Interacting Polypeptides by the 

Yeast 

* 

This example describes the identification of 

polypeptides that interact with parkin using the yeast 

■» • ' 

two-hybrid system. 

The yeast two-hybrid method was used to screen 
a human fetal brain pGADlO-cDNA library using the pGBT9- 
parkin (1-465) construct (Fields and Song, Nature 
340:245-246 (1989)). To prepare the yeast two-hybrid 
bait plasmid pGBT9-parkin (1-465) , the full-length parkin 
cDNA encoding amino acids 1-465 was excised from pEGFPCl- 
parkin (Huynh et al Ann . Neurol . 48:737-744 (2000)) and 
ligated into the pGBT9 plasmid (Clontech; Palo Alto CA) . 

To identify parkin interacting proteins, a 
yeast two-hybrid screen of a human adult brain cDNA 
library cloned in the GAL4 activation domain vector 
pGADlO was performed using as bait pGBT9 -parkin (1-465) , 
encoding parkin amino acids 1-465 fused to the GAL4 
binding domain (vectors and library from Clontech) . As 
previously described (Shibata et al . , Hum. Mol . Genet. 
9:1303-1313 (2000) and Scoles et al . , Nat. Genet. 18:354- 
359 (1998)), the bait plasmid was cotransf ormed in yeast 
strain Y190 and grown on synthetic media without leucine, 
tryptophan, and histidine, and with 25 mM 3-amino-l , 2 , 4 - 



triazole and 2% glucose. The Y190 strain allows for 
nutritional selection of the HIS3 gene that allows growth 
in media lacking histidine and color selection using the 

LacZ gene encoding p-galactosidase . The p-galactosidase 
reporter was assayed on stamped nitrocellulose filters by 
incubating f reeze-f ractured colonies in Z-buffer (60 mM 
Na2HP04, 40 mM NaH2P04, 10 mM KCl , 1 mM MgS04, pH 7.0, 0.03 

mM p-mercaptoethanol , and 2.5 \M, X-gal) at 37 °C for 15 
min to 8 hr. Positive clones were restreaked on 

synthetic media without leucine or tryptophan, and 

retested for p-galactosidase activity, and then pGADlO 
''prey" plasmids were isolated. 

A pGADlO plasmid containing a partial sequence 
encoding the human synaptotagmin 11 gene was purified and 
then retransf ormed with pGBT9 -parkin (1-465) or negative 
control plasmids (pGBT9 vector, pGBT9-NF2, pGBT9-HRS) and 

retested for P-galactosidase activity. To obtain semi- 
quantitative estimates of interaction strengths between 
various parkin and synaptotagmin 11 protein fragments, 

liquid assays for p-galactosidase were conducted by 
incubating Y190 yeast cells extracted in Z-buffer and 5% 
chloroform with 0.6 mg/ml o-nitrophenylgalactoside for 2 
min to 1 hour. Standard deviations were calculated from 

triplicate measures of replicate cultures. P- 
Galactosidase activity was expressed as Miller units 
(Miller unit = 1000 x [OD420/ (ODeoo x time x volume)] 
(Poullet and Tamanoi Methods Enzymol . 255:488-497 
(1995) ) . 
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Six potential clones were identified in 2x10^ 
independent human fetal brain pGADlO-cDNA colonies. 
These clones were individually isolated, sequenced, and 
subjected to further yeast two-hybrid filter assays to 
5 confirm the interactions. Two of these clones had a long 
open-reading frame and therefore were purified and 
sequenced. Nucleotide sequences showed that one of the 
two clones encoded the C2A and C2B domains of 
synaptotagmin 11, and this clone was designated hsytllAB 

10 (for human synaptotagmin 11, domains C2A and C2B) To 
further determine if the hsytllAB fragment was a true 
parkin interactor, the purified pGADlO- hsytllAB was co- 
transfected into Y190 yeast cells with either pGBT9- 
parkin (1-465) , or with two unrelated baits, pGBT9-NF2 

15 (encoding the schwannomin tumor suppressor) , and pGBT9- 
Hrs (encoding hepatocyte growth factor regulated kinase 
substrate) constructs (Scoles et al., supra 2000) or the 
pGBT9 vector. Filter binding assays demonstrated that 
the pGADlO-hystXIAB clone showed positive interaction 

20 with the pGBT9 -parkin construct but not with the pGBT9 
vector control or unrelated proteins (Figure lA) . 

Parkin was found to interact with the C2A and 

C2B domains of sytll. Figure lA shows a yeast two-hybrid 

filter assay. Yeast Y190 cells transformed with pGADlO- 

25 hsytllAB and pGBT9 -parkin produced a positive reaction 

with p-galactosidase substrate (gray patches) , while 

yeast cells transformed with pGADlO- hsytllAB and the 

« 

pGBT9 -vector control did not (Figure lA) . Yeast cells 
transformed with pGADlO-hsytllANTIBODY and two other 
30 controls expressing neurof ibromin and Hrs (pGBT9-NFl, and 
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pGBT9-Hrs) failed to form positive reaction with the p- 
galactosidase substrate. These controls proteins are 
functional in the yeast two-hybrid system as previously 
described (Scoles et al . , supra (1998)). These filter 
5 binding assays showed that only the pGADlO-hsytllAB clone 
showed positive interaction with the pGBT9-parkin 
construct but not with the pGBT9 vector control or 
unrelated proteins (Figure lA) . 

To confirm parkin interaction by yeast two- 
10 * hybrid liquid assays, triplicates of single transfected 
yeast colonies were grown in liquid culture and tested 
for p-galactosidase activity. Yeast cells co-transf ected 
with pGADlO-hsytllAB and pGBT9 -parkin produced about 20- 
fold higher p-galactosidase activity ("1" in Figure IB) 
15 compared with yeast cells co-expressing pGADlO-hsytllAB 
and pGBT9 vector control ("2" in Figure IB) . Each bar 
graph shown in Figure IB represents n = 3 . 

■ 

These results demonstrate that parkin interacts 
with the C2A and C2B domains of synaptotagmin 11 (sytll) . 

2 0 EXAMPLE II 

Generation and Specificity of Antibodies to 

Synaptotagmins 1 and 11 

This example describes the production and 
characterization of synaptotagmin 1 and 11 antibodies. 
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To generate anti-synaptotagmin 11 antibodies, 
the rabbit anti-sytll antibody was made against the 
sytXIA peptide (HQQAEKKQKNPPYKF; SEQ ID NO: 9) by QCP. 
Another antibody against the sytXIB peptide 
(KVRRDKDGPRRESGRG; SEQ ID NO: 10) was made, but this 
antibody recognized multiple bands in western blots of 
human and PC12 cells protein extracts. The anti-sytXIA 
antibody was affinity purified by a Sepharose™ sytXIA 
column. The rabbit and chicken ant i -parkin was made 
against peptide ParkA as described previously (Huynh et 
al, Ann. Neurol- 48:737-744 (2000)).. 

■ * 

Rabbit antibodies to. three peptides of 
synaptotagmin 11 (anti-sytll) were generated. A mouse 
antibody to synaptotagmin 1' (anti-syt65) was purchased 
(Stressgen; Victoria, British Columbia, Canada) . Mouse 

monoclonal antibodies to P-actin (Sigma) ^and P-COP 
(Sigma) , and rabbit ubiquitin antibody (DAKO; Carpinteria 
CA) were purchased. Since sytl and sytll are related 
proteins and have close homology to at least 11 other 
:Synaptotagmins, the anti-syt65 .and anti-sytll antibodies 
were tested for cross-reactivity with the other antigens 
before using these antibodies to investigate parkin- syt 
interactions . 

For protein extraction, cells were extracted 
with CO-IP buffer (20 mM Hepes, pH 7.2, 150 mM NaCl , 0.5% 
Triton XlOO) at a predetermined time point after 
transf ection. For ubiquitination assays and antibody 
analysis, cells or tissues were extracted with strong 
triple detergent buffer (20 mM Hepes, pH 7,2, 150 mM 
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NaCl, 1% Triton X-100, 0.1% SDS, 0.5% deoxycholate.) . The 
protein extracts were clarified by 3 0 minutes 
centrif ugation using a table-top Beckmann Microfuge 
(Beckman Coulter; Fullerton CA) . For western blot 

5 analysis, 10 jil of the protein extract was loaded per 
well of a 15 -well, 4-20% gradient, mini sodium dodecl 
sulfate (SDS) -polyacrylamide gel. Proteins were resolved 
at lOOV for 2 hours and transferred to Amersham' s 
nitrocellulose filter overnight' at 30V in the cold room 

10 (Amersham; Piscataway NJ) . The filter was then removed 
from the Western blot apparatus and blocked with 5% 
nonfat milk for 1 hour at room temperature. The blocking ' 
solution was then replaced with blocking solution 
containing the desired concentration ..of primary antibody. 

1.5 The western blot was visualized with the Amersham 
Chemi luminescent Western blot detection kit. 

• 4 

Rabbit antibodies to two peptides of 
synaptotagmin (anti-sytXIA and anti-sytXIB) were 
generated, and a mouse antibody to synaptotagmin 1 (anti- 

20 'syt65) was purchased. Since sytl and sytXI are related 

proteins and have close homology to other synaptotagmins, 
the anti-syt65 and antisytXI antibodies were tested for 
cross-reactivity with the respective antigens before 
using these antibodies to investigate parkin-sytXI 

25 interactions. Figure 2A shows the specificity of 
antibodies to synaptotagmins 1 and 11 using 
immunoblotting (Western blotting) . Protein extracts were 
isolated from human embryonic kidney (HEK) 2 93T cells 
expressing GFP-sytl, GFP-syt4, GFP-sytll, or GFP. 

30 Western blots of protein extracts from HEK293 cells 



transfected with GFP or GFP-sytl, 4, and 11 plasmids were 
detected with antibodies to GFP, sytl, and sytll (Figure 
2A) . The western blots were separately detected with 
anti-GFP, anti-syt65 or anti-sytXIA antibodies. Both the 
anti-sytl and anti-sytll antibodies specifically detected 
their respective epitope but not the GFP-syt4 fusion 
protein. As expected, both the anti-syt65 and anti-sytll 
antibodies detected only the respective GFP-sytl or GFP- 
sytll proteins, while the anti-GFP antibodies detected 
all GFP-tagged proteins. The anti-sytll antibody did not 
detect the GFP-syt4, even through syt4 has the closest 
.homology with sytll. The lanes indicated in Figure 2A as 
"nt" were non- transfected cells. The positions of 
molecular weight markers are indicated on the right . 

« 

The specificity of the sytXIA antibody was 
further confirmed in western blots of protein extracts 
from PC12 cells (Figure 2B) . PC12 cell protein extracts 
in strong triple detergent buffer were immunoblotted with 
anti-sytXlA, anti-sytXIA preabsorbed with sytXIA peptide, 
or with sytXIB peptide. The antisytXIA antibody 
recognized a single band at 64 kDa (Figure 2B, lane 1) . 
The p64 band was not detected when the anti- sytXIA 
antibody was preabsorbed with the sytXIA peptide (Figure 
2B, lane 2) , while preabsorption with a different peptide 
(sytXIB) failed to inhibit the anti-sytXIA 
immunoreactivity (Figure 2B, lane 3) . Taken together, 
these observations further confirm the specificity of the 
anti-sytXIA antibody. Western blots of protein extracts 
isolated using weak detergent buffer (0.2 or 0.5% NP40 or 
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Triton-XlOO) gave two sytXI positive bands at 64 and 110 
kDa, suggesting that sytXI may form homodimers. 

These results confirm the specificity of the 
anti-sytll antibody. 

5 EXAMPLE III 

Parkin Interacts with the Full-length Synaptotagmins 1 

and 11 

This example describes co-immunoprecipitation 
experiments showing that parkin interacts with full- 
10 length synaptotagmins 1 and 11. 

Co-immunoprecipitation of 293T cells 
coexpressing the GFP-hsytllAB fusion protein and 
hemaglutinin-parkin (HA-parkin) found that parkin co- 
precipitated the hsytllAB fragment. To determine whether 

15 parkin interacted with the full-length synaptotagmin, the 
full-length. synaptotagmin 1 (sytl) and sytll cDNAs were 
cloned into the pEGFP vector. Briefly, the full-length 
cDNAs of human sytl and sytll were obtained by polymerase 
chain reaction (PGR) from a human adult brain cDNA 

20 library cloned in the pGADlO expression plasmid 

(Clontech) using primer pairs spanning the entire reading 
frame. Primers used for cloning human synaptotagmin I 
were: forward primer: TGGTGAGCGAGAGTCACCATGA (SEQ ID 
NO: 11); reverse primers: Bl, TTTCCTTTACTTCTTGACG (SEQ ID 

25 NO: 12) B2, TGAAGGACTTAGGGGCTCTCT (SEQ ID NO: 13). Primers 
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used for cloning human sytnaptotagmin XI: forward primer: 
GAGGGTTCCCAGAGCTGTCT (SEQ ID NO: 14); reverse primer: 
CACATCCCTCCCCAGCTTG (SEQ ID NO: 15). The human cDNA 
sequences of human synaptotagmin I and XI are shown in 
Figures 12A and 12C, respectively, as represented in 
GenBank accession numbers BC058917 (Figures 12A and 123) 
and BC039205 (Figures 12C and 12D) . All other expression 
plasmids were similarly constructed using specific PGR 
primer pairs. The mutant parkin cDNAs, parkinG289R and 
parkinC418R, were gifts from Professor Alexis Brice 
(INSERM U289, Hopital de la Salpetriere, Paris, France) . 



For cell transfections, cells were plated 24 h 
prior to transf ection. On the following day, cDNA 
plasmids were treated with polyfect transfectant reagent 

(Qiagen) and transfected into HEK293 cells according to 
the manufacturer's protocol. At the desired time point 

(24, 48, and 72 h) after transf ection, cells were fixed 
for immunofluorescence labeling, or extracted for 
immunoprecipitation and western blots. For cells that 
were examined longer than 24 h after transf ection, the 
media were changed once. 



To perform in vitro co-immunoprecipitation 
experiments, HA- tagged parkin expression cDNAs (pCMV-HA- 
parkin, pCMV-HA- truncated parkins, pCMV-HA-parkin^^^^^, 
pCMV-HA-parkin^^®^^) were co-transf ected with the 
respective GFP tagged fusion protein expression vectors 
(pEGFP-hsytllAB , pEGFP-sytl, pEGFP-sytll, or pEGFP) 
into HEK293 cells grown in standard media conditions at 
60-80% confluency in lOOmm^ dishes. Controls were cells 



transfected only with the pCMV-HA-parkin or non- 
transfected cells. In certain experiments, (J-actin 
antibody (Sigma; St. Louis MO) and p-COP antibody was 
used- The following reagents were purchased from Roche 
Diagnostics: mouse anti-HA, anti-HA-peroxidase, anti-myc- 
peroxidase, anti-HA-agarose . After 4 8 hours, proteins 
were extracted essentially as described in Example II 
with detergent buffer containing 0.5% NP40 and protease 
inhibitor mixture (Roche Molecular Biochemicals ; 
Indianapolis IN) . Protein extracts were, 

.immunoprecipitated (ip) with anti-GEP- (Chemicon; Temecula 
CA) , or rat anti-HA agarose matrix (Roche) . 
Immunoprecipitation products were immunoblotted with 
anti-GFP antibody and anti-HA conjugated peroxidase - 

Figure 2C shows in vitro interaction of GFP- . 
sytl and sytll with HA-parkin, Protein extracts from 
HEK2 93 cells overexpressing HA-parkin and the 
corresponding GFP fusion proteins were co- 
immunoprecipitated (co-IP) with a mouse anti-GFP 
antibody. The immunoprecipitation products were detected 
with rat anti-HA-peroxidase (top panel) and a rabbit 
anti-GFP antibody (bottom panel) . 

The pEGFP-sytl and pEGFP-sytll vectors were 
individually cotransf ected with the pCMV- HA-parkin 
plasmid into 293T cells. The pEGFP pasmid was used as a 
vector control. After 24 hours, protein extracts were 
obtained and co-precipitated with mouse anti-GFP antibody 
to pull down GFP-fusion proteins. The co-IP products 
were immunoblotted with rabbit anti-GFP (Figure 2C, 
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bottom panel) or rat anti-HA-conjugated peroxidase 
(Figure 2C, top panel) . The ant i -HA peroxidase detected 
the HA-parkin band only in samples with GFP-sytl and GFP- 
sytll but not in samples containing the GFP control, 
5 indicating that the HA-parkin specifically co-precipiated 
with the synaptotagmin fusion proteins but not with the 
GFP tag. Thus, both the sytl and sytll proteins co- 
precipitated parkin, but the GFP tag did not. 

* 4 I 

To account for the possibility that the large 
10 GFP tag might influence parkin and synaptotagmin 

interaction, the sytl cDNA was transferred into the pCMV- 
myc expression plasmid. Co-immunoprecipitation of 
protein extracts from 293T cells coexpressing the HA- 
parkin and GFP- sytl with anti-HA-agarose, followed by 
15 detection with anti-myc-conjugated peroxidase or anti-HA- 
conjugated peroxidase, . found that the HA-parkin also co- 
precipitated with the myc-sytl. These observations 
indicate that the large GFP tag has no influence on the 
interaction between parkin and synaptotagmin. Therefore, 
20 GFP- tagged synaptotagmins were used for subsequent 
analyses. 

To determine whether endogenous parkin 
interacts with synaptotagmins, in vivo co- 

25 immunoprecipitation experiments were performed in PC12 
cells. PC12 cells were grown in DMEM containing 10% 
heat -inactivated serum, 5% fetal bovine serum, and 
penicillin/streptomycin in a 37°C incubator with 10% CO2. 
Media were changed every 3 days. PC12 cells were grown 

3 0 for 4 8 hours, and proteins were extracted in co-ip buffer 



(50 mM Tris-HCl, pH 7.5, 0.2% Triton . X- 100 , 150 mM NaCl, 
and one protease inhibitor pellet (Roche) per 10 ml 
buffer) . Protein extracts were precleared with mouse or 
rabbit IgG conjugated agarose and incubated with the 
respective antibodies overnight in the cold room. The 
primary antibodies were pulled down with anti -mouse or 
anti-rabbit IgG conjugate agarose for two hours. The 
final pellets were washed 7 times with co-ip buffer, and 
the coprecipitates were eluted from the secondary- 
ant ibody- conjugated agarose with SDS-PAGE buffer. ■ Co-xp 
products were immunoblotted with either ant i -parkin or 
anti-syt antibodies.. 

Figure 2D shows in vivo interaction of 
endogenous parkin with sytl in PC12 cells. Co-ip of 

protein extracts from PC12 cells with 5 (lane 1.) and 

jil (lane 2) mouse ant i- sytl, and 1 |j;l mouse IgG (lane 3) 
Co- IP products were detected with rabbit ant i -parkin and 
mouse ant i- sytl antibodies simultaneously. Endogenous 
parkin was detected in the anti-sytl immunoprecipitate, 
but not in the control immunoprecipitate using mouse IgG 
Lane 4 shows a blot of the PC12 protein lysate. 

Co-immunoprecipitation using mouse anti-sytl 
antibody pulled down both sytl and endogenous parkin 
(Figure 2D) . The mouse IgG failed to precipitate either 
the sytl or parkin, suggesting the specificity of the 
endogenous co-ip. Co-ip using anti-parkin or anti-sytll 
antibodies failed to co-precipitate parkin with sytll. 
The failure to find any endogeneous parkin- syt 
precipitate was likely a result of the insolubility of 
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the endogenous sytll in the buffer used for co- 
immunoprecipitation . 

To determine whether parkin interacted with 
endogenous sytXI , protein extract from human cerebral 
5 cortex was immunoprecipitated with the anti-parkA 

antibody. For co- immunoprecipitation of human brain 
extracts, a 1.4 g sample of human cerebral cortex was 
chopped into small pieces and resuspended in 7 ml of cold 
lysis buffer (100 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% 

10 Triton X-100, 0.05% SDS, 0.05% deoxycholic acid, and 1 
protease inhibitor pellet/lO.ml buffer) . The cell 
suspension was homogenized by a glass homogenizer. 
Protein lysate was aliquoted 'into 1 ml aliquot s and 
microfuged at top speed. in the cold room. Protein 

15 extracts were precleared, with rabbit IgG conjugated 

agarose and protein A conjugated agarose for 3 h at 4°C, 
and the precleared lysate was incubated with rabbit anti- 
parkA or mouse anti-sytXI antibody overnight in the cold 
room. The primary antibodies were pulled down with 

20 protein A conjugated agarose for 4 h at 4°C. The final 

pellets were washed five times with co-ip buffer, and the 
coprecipitates were eluted from the secondary antibody- 
conjugated agarose with SDS-PAGE buffer. Co-ip products 
were immunoblotted with either chick anti-parkA or anti- 

25 sytXIA antibody. 

Following co-ip of human cerebral cortex 
extracts, the precipitate was then detected with either 
chick anti-parkA or antisytXIA antibody (Figure 2E, lanes 
1 and 2) . The anti-parkA antibody detected a single 



parkin band in the anti-parkA precipitate (Figure 2E, 
lane 1, top panel) , while the anti-sytXIA antibody- 
detected the sytXI protein band (Figure 2E, lane 1, 
bottom panel) . When the same protein extract was 
coimmunoprecipitated with the anti-sytXI antibody, parkin 
was specifically coprecipitated with sytXI (Figure 2E, 
lane 3) . The absence of both the sytXI and the parkin 
bands in the control reactions (Figure 2E, lanes 2 and 4) 
demonstrated the specificity of the parkin-sytXI 
interactions in the cells, confirming that endogenous 
parkin interacted with endogenous sytXI . 

These results indicate that parkin interacts 
with synaptotagmins 1 and 11. 

EXAMPLE IV 

The RING2 Motif is Essential for Synaptotagiain Binding 

These experiments describe characterization of 
the role of the RING motifs of parkin in synaptotagmin 
binding . 

To determine which domain of parkin binds to 
synaptotagmin, several truncated parkins tagged with the 
HA epitope were constructed (Figure 3A) . The truncated 
parkin cDNA expression plasmids expressed sufficient 
truncated parkins for coexpression with GFP-syts (Figure 
3C) . Each truncated construct was coexpressed with GFP- 
sytXI . After 24 h, protein extracts were 
immunoprecipitated with rat anti -HA- conjugated agarose 



followed by western blot detection with anti-GFP 
antibody. Truncated parkins lacking amino acid residues 
204-293 (pi- 203, p294-385/ and p294-465) failed to 
interact with the fulllength synaptotagmin XI. The 
failure of these truncated parkins to interact -with sytXI 
was not the result of decreased expression levels of the 
truncated parkins. Expression levels of the pl-203 and 
p294-465 parkins were much higher than the constructs 
that interacted with sytXI (Figure 3C) . Truncated' 
parkins containing the whole or part of the p2 04-2 93 
domain (pl-465, pl-314, p78-465, p78-238, p257-465) 
interacted with sytXI, all having different binding 
affinities (Figure 3B) . These observations indicate that 
amino acid residues 204-293, which contain the RINGl 
domain, are important for parkin interaction with sytXI . 

Data from the binding assays suggest that there 
are at least two sytXI binding sites on parkin. The 
first binding site is located between amino acid residues 
204 and 238. This was supported by the observation that 
the p78-238 peptide, which does not contain the RINGl 
domain, interacted with sytXI while the pl-203 peptide 
did not bind (Figure 3) . The second binding site is 
located within the RINGl domain between amino acid 
residues 257 and 293. This was supported by the 
observation that peptide p257-465 interacted with sytXI, 
whereas peptides p294-385 and p294~465 did not bind 
(Figure 3) . This observation was further supported by 
the effect of disease-causing amino acid substitutions in 
parkin. Parkin containing a missense mutation in the 
RINGl finger motif (parkinC289G) interacted weakly with 
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sytXI ( 2.5-fold less) compared with parkinC418R (Figure 
3B) . In addition, both mutated parkins fails to 
ubiquitinate sytXI (Figure 4) although parkinC418R does 
not lose the ability to bind to sytXI (Figure 3B) . 

5 Similar results were seen with other parkin 

truncation mutants having different boundaries, where the 
parkin binding site was mapped to the RING2 finger motif. 
Similar results were also observed for sytl. 

These results indicate that the sytll binding 

* 4 • 

10 site maps to the RING finger motif. 

EXAMPLE V 

Dbiguitinatlon of Synaptotagmins by Parkin 

This example describes ubiquitination of 
•synaptotagmins by parkin. 

15 Parkin is an E3 ubiquitin ligase, an essential 

■ enzyme required for the ubiquitination of specific 
substrates targeted for degradation by the proteasome 
complex or the lysosome (Shimura et al . , supra, 2000; 
Zhang et al . , supra, 2000). To determine whether 

20 synaptotagmins are substrates of parkin, in vitro 

ubiquitination assays were performed as described by 
Zhang et al . , Proc . Natl. Acad. Sci . USA 97:13354-13359 
(2000), which is incorporated herein by reference. 

Briefly, HEK2 93 cells were transfected with 5 |ag of pCMV- 
25 Myc -Ubiquitin, pEGFP-Sytl or -Sytll, and different pCMV- 
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HA-parkins (wild type, truncated, and missense) . After 
24 (or sometimes 36) hrs, cells were incubated in normal 

media containing 20 )iM lactacystin or 20 |iM proteasome 
inhibitor I for 4 hrs . Cells were washed with cold DPBS. 
5 For ubiquitination assays, cells were extracted with 
triple detergent buffer (20 mM Hepes,. pH 7.2, 150 mM 
NaCl, 1% Triton X-100, 0.1% SDS,..0.5% deoxycholate) . 
Proteins were extracted^ with RIPA buffer containing 
protease inhibitor pellet (Roche., 1 pellet per 10 ml 

10 buffer) , and 2 |iiM N-ethylamimide to inhibit 

deubiquitination enzymes. Protein extracts were 
immunoprecipitated with mouse ant iGFP; antibody, and the. 
IP products were detected with anti-HA, anti-myc, and 
rabbit anti-GFP. 

15- In the ubiquitination :experiments , HEK 293 

cells were cotransf ected with HA-tagged or control parkin 
cDNA plasmids and myc-tagged ubiquitin, with either GFP- 
tagged sytl or GFP- tagged sytll (Figure 4) . GFP was used 
as a negative control for substrate specificity, while 

20 truncated HA- tagged parkin proteins (p78-465, pl-203, 

p294-385, p294-465 in Figures 4A-C) (pl-314 and p77-465 in 
Figures 4D-F) were used as negative controls for the wild 
type parkin. HEK2 93 cells overexpressing HA-parkins and 
the corresponding myc-ubiquitin and GFP-tagged proteins 

25 were treated with lactacystin for 4 hours, and protein 

extracts were immunoprecipitated with anti-GFP antibody. 
Products of the ubiquitination assays for sytl were 
detected in Figure 4D with antibodies to myc- (top) , GFP- 
(middle) , and HA-tags (bottom) . For detection of parkin 

30 ubiquitination of sytll as shown in Figure 4E, western 
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blots were detected with anti-myc (top) and anti-GFP 
(bottom) antibodies. In both assays, cells co-expressing 
GFP-sytl and HA-parkin formed more ubiquit in- conjugated 
sytl complexes than cells expressing HA-parkin and the . 
5 controls. Note the lack of . ubiquit inated products in 

cells expressing HA-parkin and GFP and in other negative 
controls. 

As shown in Figure 4, when cells were incubated 
with lactacystin, an inhibitor of the proteasome complex, 

10 cells expressing the wild type parkin and GFP-sytll 

(Figure 4A-C and E) or GFP-sytl (Figure 4D) showed an 
accumulation of ubiquitin-synaptotagmin conjugates above 
background controls. Wild type parkin had no effect on 
the polyubiquitination of the GFP tag. Truncated parkins 

15 showed little effect on. the levels of ubiquitinated 

synaptotagmin conjugates, although one of the peptides 
(p78-465) could bind to synaptotagmins (Figure 3), and 
the levels of expression of the truncated parkins were 
high compared with the wild type parkin. The presence of 

20 ubiquitin-conjugated syt found in cells co-expressing 

only GFP-syt and myc-ubiquitin was likely a result of the 
presence of endogenous parkin in HEK293 cells. The 
- pattern of ubiquitinated syts indicated the presence of a 
variety of species containing ubiquitin chains of 

25 different lengths. 

To determine whether disease-associated point 
mutations affected the ability of parkin to ubiquitinate 
syts, ubiquitination assays were also performed for 
missense mutated parkin^^®^^ and parkin^^^®^. Both mutant 



parkins produced undetectable levels of ubiquitinated 
sytXI compared with the wild- type parkin (Figure 4) . 
Under longer exposure, all truncated and missense mutated 
parkin transfected cells produced weak levels of 
5 ubiquit in- conjugated sytXI comparable to cells 

transfected with only GFP-sytXI, but the levels of the 
ubiquitinated sytXI were significantly lower than those 
produced by wild-type parkin. This background level of 
ubiquitinated sytXI was probably produced by endogenous 

10 parkin or by an unidentified E3 ubiquitin ligase in 

HEK293 cells and is consistent with observations by other 
investigators using HEK293 cells (Ren et al . , J. 
Neurosci , 23:3316-3324 (2003)). .In both co-ip (Figure 3) 
and ubiquitination (Figure 4) experiments, a majority of 

15 mutant parkins could be. detected in the pellet fractions 
that were dissolved in the SDS~PAGE sample buffer. 

Western blot analysis of the same protein 
samples with an anti-GFP antibody detected a high MW GFP- 
sytXI band near the top of the well loaded with the 

20 parkin-sytXI co-expressed sample (Figure 4) . This band 
was likely the insoluble ubiquitinylated sytXI complex 
since the anti-myc antibody also strongly detected the 
same complex. This band was faintly observed in the 
controls. The smaller MW ubiquitinylated sytXI species 

25 were undetectable by the antiGFP antibody. These 

findings are consistent with ubiquitinylation experiments 

of a- and P-tubulin (Ren et al . , supra, 2003) and 
synphilin-1 (Chung et al . , Nat. Med. 7:1144-1150 (2001)) 
in HEK293 cells. In these experiments, the 
30 ubiquitinylated substrates were undetectable by the 
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antibodies against the respective proteins, but the 
antibodies against ubiquitin or its tag strongly detected 
the respective parkin-mediated ubiquitinylated 
substrates . 

5 Similar results were also found for sytl. As 

shown in Figure 4F, mutated parkins, 02890 and C418R, 
exhibited reduced ubiquitination of sytl and sytll. 
Cells expressing parkin mutants and GFP-sytl or 11 
produce a lower amount of ubiquitin-conjugated syt . Note 

10 the weak ubiquitination of sytll by mutant C289G. Thus, 
the parkin^^®^^ mutant inhibits the ubiquitination of sytl 
but weakly ubiquitinates sytll. In contrast, the 
parkin^'*'^®^ mutant inhibits the ubiquitination of both sytl. 
and 11 equally. The ubiquitination patterns in cells 

15 coexpressing the mutant parkins and syts were weaker than 
in cells expressing wild type parkin and syts (Figure 4F, 
top panel) . Western blots of the protein extracts from 
cells expressing parkin and syts and treated with 
lactacystin for 4 hours detected a low amount of the 

2 0 mutants compared to the wild type parkin (Figure 4F) . 

The mutant parkin was found abundantly in the insoluble 
pellet (Figure 4F) . 

Since parkin-mediated ubiquitinylated 
substrates undergo degradation by the proteasome- 
25 dependent pathway (Zhang et al . , Proc. Natl. Acad. Sci. 

USA 97:13354-13359 (2000); Imai et al . , Cell 105:891-902 
(2001); Imai et al . , Mol . Cell. 10:55-67 (2002); Ren et 
al., J. NeUrosci. 23:3316-3324 (2003); Corti et al . , Hum. 
Mol . Genet . 12:1427-1437 (2003); Engelender et al . , Nat . 
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Genet . 22:110-114 (1999)), pulse-chase experiments were 
performed to determine the turnover of GFP-sytXI in HA- 
vector and HA-parkin^"^^^ transfected HEK293 cells. To 
determine whether parkin accelerates GFP-sytXI 
5 degradation, HEK293 cells were co-transf ected with GFP- - 
sytXI and HA-vector or GFP-sytXI and HA-parkin plasmids. 
After 24 h, cells were washed once with DMEM containing. 
5% dialyzed FBS and no Met and Cys amino acids. Cells 
were incubated in this media for 30 min, and grown in the 

10 same media containing 100 |iCi/ml of ^^^S-Met/Cys 

(EXPRE^^S^^S (^^S) Protein Labeling Mix, Amersham) for 30 ■ 
min. Cells were then chased at the indicated time 
points. Protein extracts were isolated using RIPA buffer 
(20mM HEPES, pH 7.5, IB.OmM NaCl, 0.1% SDS, 0.5% 
15 deoxycholate, 1% Triton -XlOO, ImM EDTA, protease mixture 
pellet) . GFP-sytXI was immunoprecipitated with rabbit 
ant i -GFP antibody (CHEMICON; Temecula CA) as described 
above . 

Parkin increased the degradation of GFP-sytXI 
20 in HA-parkin^"^^^ transfected HEK293 cells (Figure 5)-. 
Approximately 40% of newly synthesized GFP-sytXI was 
degraded after 1.5 h chase in HA-parkin"''''*^^ expressing 
cells, whereas it took 3 h to degrade the equivalent 
amount of GFP-sytXI in HA-vector transfected cells. 

25 These results demonstrate that parkin 

ubiquitinates both sytl and 11. 



81 



EXAMPLE VI 

1 I 

Parkin Colocalizes with Synaptotagmins and Recruits 
Synaptotagmins to Perinuclear Complexes 

This example describes the cellular location of 
parkin and synaptotagmins . 

The interaction of two proteins is likely to be 
physiologically relevant if they occupy the same 
subcellular compartment. To investigate parkin-syt co- 
localization, immunofluorescence experiments were 
performed. Briefly, for COSl cell cultures, COSl cells, 
were grown in DMEM medium supplemented with 10% FBS and 

' • • 4 

penicillin/ streptomycin, in 37°C incubator with 5% CO2.. 
Media were changed every 3 days. One day prior to 
transf ection, 50,000 cells were seeded in a 1 cm 

coverslip previously coated with 20 |ag/ml collagen IV. 
PC12 cells were grown as described in Example III. 

Immunof luorescent labeling and confocal laser 
microscopy was performed as follows. Cells were fixed 
with 4% paraformaldehyde in DPBS for 20 min on ice, and 
incubated in solution A (DPBS, 3% goat serum, 0.05% 
Triton X-1000) for 30 minutes. Cells were then ^incubated 
with selected mouse or rabbit primary antibody diluted in 
solution A for 1 hr at room temperature. Cells were then 
washed 5 times with cold DPBS and incubated with the 
corresponding secondary antibody conjugated to either 
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fluorescein isothiocyanate (FITC) or tetramethylrhodamine 
isothiocyanate (TRITC) diluted in solution A for 1 hr at 
room temperature. Cells were then again washed 5 times 
with cold DPBS and covered with a slide in 80% glycerol 
and 10 mM sodium gallate for fading protection. Cells 
were viewed with a Leica TCSSP (true confocal scanner 
spectrophotometry) microscope through the oil immersion' 
lOOX lens. Images were acquired sequentially to prevent 
bleaching between FITC or GFP with TRITC fluorescence. 

To investigate parkin-syt co-localization, PC12 
cells were induced with NGF for 7 days. PC12 cells were 
induced with 50 ng/ml NGF for 7 days, and 
immunof luroscently co- labeled with antibodies to rabbit . 
parkin (stained red. Figure 6P) and mouse sytl (stained 

, ^ pi. 

green. Figure 6Q) , or chicken parkin (stained green. 
Figure 6A) and rabbi t-syt 11 (stained red, Figure 6D) . 

* • ' 

Images were acquired by Leica TCSSP microscopy using a 
lOOx oil immersion lens. Stacked images were merged 
(Figures 6C and 6R) . Yellow color of the merged images 
indicates colocalization of two proteins. Inserts in 
Figures 6A-C and P-R are from the cell body of the same 
cell from which the long neurite arises (shown at lower 
maginif ication) . Parkin and syt colocalize in the 
perinuclear area and boutons (arrows) along the neurite. 

The NGF- induced PC12 neurons were co- labeled 
with antibodies to rabbit parkin and mouse syt 1 (Figures 
6P-R) , or chick parkin and rabbit syt 11 (Figures 6A-C) . 
Parkin colocalized with both sytl and sytll at positions 
around the nuclear membrane (Figure 6R, lower arrow) and 
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at boutons (Figures 6C and 6R, white arrows) along the 
neurites. Parkin or GFP-syt present in other regions of 
the cell did not colocalize. These results indicate that 
endogenous parkin colocalizes with endogenous sytl and 
5 sytll in PC12 cells. 

To investigate the effect of parkin on the 
distribution and levels of synaptotagmin, HEK293 were co- 
transfected with both the GFP-syt and HA-parkin vectors. 
After 36 hours, cells were labeled with anti-HA antibody. 

10 Cells were co-'transf ected with GFP-sytl and HA- 

parkin (Figures 7A-C) , GFP-sytl and HA-vector (Figures 
7D-F) , GFP-sytll and HA-parkin (Figures 7G-I) , GFP-sytll 
and HA-vector (Figures 7J-L)', or GFP- vector and HA- 
parkin (Figures 7M-0) . Transfected cells were labeled 

15 with anti-HA, and images were acquired by the Leica TCSSP 
using the lOOx oil immersion lens. Note the difference 
of colocalization of parkin with sytl and sytll. 

In HEK293 cells co-expressing both parkin and 

■ 

syt, HA-parkin and GFP-syt colocalized in aggregates 
20 adjacent to the perinuclear membrane (Figures 7A-C, 7G- 
I) . In these cells, the levels of GFP-syt were much 
lower compared to the controls. In the controls, where 
HEK2 93 cells were cotransfeced with only the GFP-syt and 
HA vector, GFP-syt was found distributed throughout the 

« 

25 cells in cytoplasmic vesicles. Likewise, when HA-parkin 
was expressed with GFP, it was diffusely distributed 
throughout the cells (Figures 7M-0) . 



I 
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These results indicate that parkin colocalizes 
with syts in cotransf acted HEK293 cells and alters their 
normal cellular distribution. 



EXAMPLE VII 



5 SytXI is Localized in the Cell Bodies and 

Neurites of Hxunan Substantia Nigra Neurons 

;■ 

The death of substantia nigra neurons and the 
formation of Lewy bodies are hallmarks of many forms of 
PD, and some constituent proteins of Lewy bodies are 

10^ • mutated in inherited forms of PD. To establish a 
potential link between sytXI and parkin in the 
pathogenesis of neurodegeneration in classic PD, 
immunohistochemical labeling of substantia nigra sections 
from two normal and two sporadic PD patients was 

15 performed using antibodies to sytXI (anti-sytXIA) , parkin 
and ubiquitin. 

For immunohistochemical labeling of human 
substantia nigra sections, human brain 7 |im sections were 
stained with rabbit antisytXIA (10 |ag/ml) , parkA (5 

20 jig/ml) , ubiquitin (1/500) antibodies using the 

immunohistochemical labeling protocols described in Huynh 
et al. ( Ann. Neurol. 48:737-744 (2000)). Briefly, brains 
sections were deparaf inized and demasked by Biomedia's 
Autozyme solution (Fisher) . Sections were then blocked 

25 with 3% normal goat serum and incubated with the primary 
antibody overnight in the cold room. The next day, 
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sections were developed using the Elite Vector ABC kit 
(Vector, San Diego, CA, USA), and the Biomedia's 
diaminobenzidene substrate kit (Fisher) . For peptide 

preabsorption, 10 |ig of anti-sytXIA antibody were 
preincubated with 1000 -fold sytXIA peptide overnight in 
the cold room. The next day, the preincubated antibody 
was microfuged for 10 min and diluted in 1 ml of the 
staining buffer. Images were acquired using the 2 OX and 
63x oil immersion lenses and captured by a SPOT digital 
camera . 

As shown in Figure 6D-0, the normal human 
substantia nigra neurons were strongly stained by 
antibodies to sytXI and parkin. The anti-sytXIA antibody 
labeled both the cell bodies and neurite extensions of 
the nigral neurons (Figures 6D, G and J) , similar to the 
anti-parkA antibody (Figures 6F, I and L) . The sytXI 
immunoreactivities were specific, since anti-sytXIA 
preabsorbed with the sytXIA peptide failed to label the 
nigral neurons (Figures 6E, H and K) . 

Figures 6M-0 depict the immunohistochemical 
labeling of a nigral neuron from an individual with 
sporadic PD. The anti-sytXIA antibody labeled the core 
of the intracellular Lewy bodies (LBs; Figure 6N, black 
arrow) similar to the anti-ubiquitin antibody (Figure 
6M) . The sytXI LBs staining was weak compared with 
ubiquitin staining; of note is the strong labeling of the 
neuropil. This labeling was specific since anti-sytXIA 
antibody preabsor^bed with the. sytXIA peptide failed to 
label the Lewy body or the neuropil (Figure 60, black 
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arrow) . As reported previously (Huynh et al . , Ann . 
Neurol . 48:737-744 (2000)), the Lewy bodies in these two 
sporadic PD brains did not stain with the anti-parkA 
antibody. 

5 These results show that sytXI is localized in 

the cell bodies and neurites of human substantia nigra 
neurons . 

EXAMPLE VIII 

Identification and Characterization of a Parkin- 
10 interacting Polypeptide 

This example describes the identification of a 

■ 

parkin- interacting polypeptide. 

A yeast two-hybrid screen was performed as 
described in Example I. Briefly, to identify CNS 

15 proteins that interact with parkin, a yeast two-hybrid 
assay was performed on 1x10^ independent yeast colonies 
from a human brain cDNA library. The screen used full 
length parkin as bait. Subsequent screening with yeast 
filter and liquid assays confirmed that the clone was 

20 positive. 



Nucleotide sequencing showed that one clone 
identified in the yeast two-hybrid screen encoded the N- 
terminal domain of a small, novel synapsin-like protein 
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(SLP) . The sequence of the polypeptide is shown in 
Figure 8 . 

As shown in Figure 9A, both the MP3 6a and MP23a 
forms, also referred to as synapsin-like protein (SLP) , ^ 
5 interacted with parkin .in the yeast filter assay. No 

binding was observed with the negative, control plasmids 
pGBT9 vector, pGBT9-NF2, and pGBT9"Hrs. The binding with 
parkin was confirmed using liquid culture assays as 
described in Example I. As ■ shown in Figure 9B, iyiP36a and 

10 iyiP23a exhibited about 20 -fold and 30- fold higher (5- 
galactosidase activity in the presence of parkin, 

4 * « 

respectively, than with the negative control vector 
pGBT9 . . 



To further test for interaction, co- 
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25 



15 



immunoprecipitation experiments were performed as 
described in Example III. For co-immunoprecipitation 

■ 

experiments, constructs were generated as GFP fusions. 
Co-immunoprecipitation experiments showed that the full 
length protein interacted with parkin. Cells were 

r 

transfected with the respective plasmids, as indicated in 
Figure 9C. Co-immunoprecipitation of protein exteracts . 
from cells expressing HA-parkin and MP3 6a or MP23a GFP 
fusions were performed with HA-agarose, and the position 
of the respective GFP fusion proteins was determined by 
western blotting with GFP antibody. As shown in Figure 
9C, both MP36a and MP23a co-immunoprecipitated with 
parkin. 



To determine whether endogenous parkin could 
bind to native SLP, co-immunoprecipitation experiments 
were performed in PC12 cells. Protein extracts were 
immunoprecipitated with rabbit anti-parkA or rabbit IgG 
5 control (Figure 9D) . IP products were immunoblotted with 
chick anti-parkin antibody (left), or rabbit anti-SLP 
(right) . The anti-parkA antibody detected a 50 kDa 

I 

parkin band in the antirparkA co-ip. This band was 
absent in the chick IgG immunoprecipitate sample. The 
10 anti-SLP antibody detected a band at -the predicted size 
of 36 kDa in the anti-parkA immunoprecipitate and the 
PC12 protein extract, but not in the sample precipitated 
with rabbit IgG, indicating that endogenous parkin co- 
precipitated native SLP. 

15 The expression of . SLP in human substantia nigra 

was also tested (Figure 10) . Substantia nigra compacta 
sections were immunohistpchemically stained with 10 pg/ml 
of affinity purified anti-SLP (Figure lOA and C) , anti- 
SLP + SLP peptide (Figure lOB) , anti-ubiquitin (Figure 

20 lOD) antibodies. The primary antibodies were detected 
using the Vector Elite Vectastain Rabbit ABC kit, and 
visualized with 3, 3' -diaminobenzidine (DAB). All 
sections were processed and stained identically. Both 
anti-SLP and anti-sytXI antibodies strongly labeled the 

25 neurites of neurons in the substantia nigra compacta. 

The anti-SLP antibody preabsorbed with the SLP peptide 
failed to react, indicating the specificity of the 
immunohistochemical labeling. The dark brown staining 
seen in the cell bodies is neuromelanin found in 

30 dopaminergic neurons. Figures IOC and D show the 
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labeling of Lewy bodies (LBs) with anti-SLP (Figure IOC), 
and anti-ubiquitin (Figure lOD) antibodies. 

Colocalization of parkin and SLP was determined 
essentially as described in Example VI. Cells were co- ■ 
labelled with parkin antibody (stained green, Figure llA) 
and antibody recognizing SLP (stained red, Figure IIB) . 
The overlay image indicates that parkin and SLP co- 
localize (stained yellow. Figure IIC) . Confocal 
immunofluorescence studies of NGF- induced PC12 neurons 
confirmed that both SLP colocalized with parkin at 
synaptic boutons . Figures IID and HE show staining of 
the substantia nigra and ceirebral cortex, respectively. 
Ubiquitination experiments are performed as described in 
Example V. 

m 1 

These results' indicate that SLP is a parkin 
binding protein that co-localizes with parkin in vivo. 
These results also indicate that SLP localizes to Lewy 
bodies, the pathologic hallmark of idiopathic PD, 
indicating that SLP can function in pathogenesis of PD, . 
either directly (by mutation) or indirectly (by 
depletion) . 

Throughout this application various 
publications have been referenced. The disclosures of 
these publications in their entireties are hereby 
incorporated by reference in this application in order to 
more fully describe the state of the art to which this 
invention pertains. Although the invention has been 
described with reference to the examples provided above, 
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it should be understood that various modifications can 
made without departing from the spirit of the invention 



